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ABSTRACT 

Rats  were  initially  trained  to  respond  on  a  fixed 
ratio  (5)  free  operant  avoidance  schedule.  Manipulation 
of  the  response-shock  interval  resulted  in  'high'  rate 
R*S  20  sec.  animals  and  '  lowT  rate  R*S  80  sec.  animals. 
Periods  of  variable  interval  'free'  shock,  common  to 
both  R*S  20  sec.  and  R*S  80  sec.  animals,  were  found 
to  maintain  response  rates  engendered  by  the  ratio  con¬ 
trol  conditions  in  the  individual  animals.  The  effects 
of  methylphenidate  in  a  range  of  dosages  (4,  8,  12  and 
16  mg/kg),  over  a  series  of  test  procedures,  are  inter¬ 
preted  in  terms  of  the  results  pertaining  to  time  of 
injections,  fixed  ratio  and  variable  interval  responding, 
and  the  effects  of  shock  frequency.  Overall  rate  in¬ 
creases  at  all  dosages  were  observed  in  most  subjects 
as  compared  with  rates  engendered  by  control  conditions. 
The  role  of  shock  frequency  as  a  significant  determin¬ 
ant  of  drug-rate  interaction  effects  is  discussed. 
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INTRODUCTION 


BEHAVIORAL  PHARMACOLOGY 

Behavioral  pharmacology  today  has  become  a  legit¬ 
imate  area  of  enquiry  within  psychological  science.  As 
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early  as  1898  physiological  journals  were  appearing 
with  animal  experiments  investigating  drug-behavior 
relationships;  although  the  restrictions  imposed  by 
available  behavioral  techniques  severely  limited  the 
scope  of  such  investigations. 

It  is  interesting  to  note  that  historically,  those 
investigators  who  have  had  immense  impact  upon  psychol¬ 
ogical  science,  are  often  the  precursors  of  present 
behavioral  pharmacology.  By  the  early  20th  century  Pavlov 
and  Lashley  were  demonstrating  the  action  of  stimulant 
drugs.  Lashley  (1917)  was  concerned  with  the  effects  of 
strychnine  and  caffeine  upon  rate  of  learning.  Pavlov 
(1927),  on  the  other  hand,  utilized  caffeine  in  studies 
on  differentiation  (a  type  of  internal  inhibition).  "Again 
if  the  general  excitability  of  the  central  nervous  system 
has  been  increased,  for  example  by  an  injection  of  caf¬ 
feine,  the  previously  established  differentiation  simil¬ 
arly  becomes  disturbed"  (Pavlov,  1927,  p.  127).  By  1937 
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Stewart  (1898)  -  decrease  in  general  activity  level  of 
laboratory  rat  following  alcohol  ingestion. 
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Skinner  (Skinner  and  Heron,  1937)  was  investigating 
the  effects  of  caffeine  and  benzedrine  upon  conditioning 
and  extinction. 

In  a  review  of  behavioral  pharmacology  Brady  (1957) 
has  pointed  out  that:  "...  the  history  of  experimental 
work  in  this  area  amply  attests  to  the  numerous  difficul¬ 
ties  involved  in  the  selective  definition  of  specific 
drug  activity  at  the  neural  and  behavioral  levels.  The 
promise  of  more  precise  experimental  control  and  operat¬ 
ional  definition,  however,  has  encouraged  a  base  behavior¬ 
al  pharmacological  literature  over  the  past  [65  years] 
or  more,  although  such  experimental  efforts  on  animals 
have  seldom  been  systematic  and  the  results  have  almost 
always  been  controversial".  (p.  719). 

Among  the  many  advances  in  psychological  science 
made  in  the  past  several  years,  one  group  of  contribut¬ 
ions  emerging  from  animal  laboratory  approaches  to  the 
experimental  analysis  of  behavior  seems  to  stand  out  with 
particular  prominence  in  considering  methodological 
advances  in  behavioral  pharmacology.  Reference  here  is 
made  to  the  development  of  operant  conditioning  (Skinner 
1938)  techniques  in  the  analysis  of  behavior  and  the 
application  of  such  methods  to  a  wide  variety  of  exper¬ 
imental  problems  in  comparative  and  physiological 
psychology.  Numerous  individual  experimental  reports 
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in  current  psychological,  physiological  and  pharmacolog¬ 
ical  journals  have  begun  to  indicate  the  broad  range  of 
investigative  areas  in  which  such  behavioral  control 
techniques  have  been  found  useful. 

The  basis  for  this  enthusiastic  acceptance  of  the 
free  operant  in  behavioral  pharmacology  is  not  difficult 
to  discern  when  consideration  is  given  to  the  rather 
pressing  need  for  sensitive  and  reliable  preclinical 
assay  techniques  and  the  woefully  inadequate  answer  to 
this  problem  that  is  provided  by  the  extensive  early 
literature  in  the  area. 

The  great  increase  of  interest  in  behavioral 
pharmacology  during  the  last  few  years  has  not  been  due 
to  the  formulations  of  new  theories  or  the  impact  of 
cogent  arguments.  It  has  been  due  mainly  to  the  remark¬ 
able  success  which  experimental  pharmacologists  and 
observant  clinicians  have  had  in  discovering  new  drugs 
with  hitherto  unsuspected  kinds  of  effects  on  behavior 
(Dews,  1958  (a)).  This  success  has  made  it  extremely 
important  that  a  basic  science  of  behavioral  pharmacology' 
should  develop  as  fast  as  possible. 

The  first  difficulty  facing  experimental  behavioral 
pharmacology  is  the  complexity  of  behavior.  Physiology 
is  complicated  too,  yet  it  has  found  that  an  understanding 
of  the  effects  of  a  drug  on  the  physiology  of  an  animal 
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can  be  attained  if  the  effects  are  studied  system  by 
system,  even  cell  by  cell.  It  would  seem  reasonable  to 
study  the  effects  of  drugs  on  behavior  in  a  similarly 
analytical  way.  One  method  of  doing  so  is  to  use  oper¬ 
ant  techniques  to  study  the  frequency  of  occurrence 
of  a  'given'  response;  whose  occurrences  can  be  recorded 
objectively,  and  which  the  animal  can  make  repeatedly  in 
a  reasonable  period  of  time.  The  factors  which  determine 
the  distribution  of  occurrences  of  the  responses  in  time 
can  then  be  studied. 

Many  drugs  have  been  shown  to  influence  the  rates 
with  which  animals  make  responses  of  this  kind.  Dews 
(1958  (a))  has  suggested  that  the  effects  of  a  given  drug 
dosage  depend  on  four  classes  of  factors :  - 

1.  Genetic  factors:  -  the  species  of  the  animal, 
and  the  particular  individual  chosen. 

2.  The  nature  and  frequency  of  the  response  under 
experimental  conditions. 

3.  The  nature  of  the  environment:  -  the  eliciting, 
reinforcing  and  discriminative  stimuli. 

4.  The  previous  history  of  the  animal  in  terms  of 
the  training  procedures  employed  and  administration  of 
drugs  leading  to  possible  adaptive  or  simulative  effects. 

A  representative  example  of  the  work  being  done  in 
this  area  is  an  experiment  reported  by  Dews  in  1958  (a). 
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After  a  food  deprived  pigeon  was  trained  to  peck  at  an 
illuminated  plastic  key,  it  was  given  access  to  the  key 
for  a  few  hours  each  day.  Within  several  sessions  a 
stable  fixed  interval,  15  minutes,  patterning  of  behavior 
emerged.  (See  Figure  1(a)).  Administering  methamphet- 
amine  to  the  pigeon  on  this  FI  15  minutes  schedule.  Dews 
found  that  the  characteristic  effect  of  the  drug  is  to 
lead  to  an  increase  in  the  number  of  responses  made  per 
interval  (See  Figure  1(b)).  The  maximum  rate  of  respond¬ 
ing,  however,  is  not  increased,  instead,  the  animal 
responds  steadily  at  the  beginning  of  the  interval  at  a 
time  when,  under  control  conditions,  there  is  little  or 
no  responding. 

Since  this  early  work  many  germane  points  with 
respect  to  the  effects  of  drugs  on  behavior  have  become 
increasingly  clear. 

The  terms  "stimulant"  and  "depressant"  as  a  simple 
qualifier  of  "drug",  have  outlived  their  usefulness  (Dews 
1962;.  One  of  the  best  established  results  in  behavioral 
pharmacology  is  that  the  "stimulant"  or  "depressant" 
action  of  drugs  does  not  occur  in  equal  measure  on  all 
aspects  of  behavior.  It  has  been  demonstrated  repeatedly 
that  a  given  dose  of  a  drug  in  a  given  organism  may  cause 
"stimulation"  of  some  behavioral  activities  and  simultan¬ 
eous  "depression"  in  the  sense  of  increased  and  decreased 
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Figure  I 

Effects  of  methamphet amine  on  fixed  interval 
performance  in  the  pigeon.  (Reprinted  from  Dews, 
1958(a)). 
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output  respectively  of  the  behavior  according  to  the 
method  of  measurement  in  use. 

An  example  of  this  specificity  of  drug  action  can 
be  found  in  the  behavioral  work  on  chlorpromazine . 

Verhave,  Owen  and  Robbins,  (1958)  utilized  a  schedule  in 
which  the  baseline  was  composed  of  two  components,  avoid¬ 
ance  behavior  and  escape  behavior.  According  to  Verhave’ s 
arrangement,  the  rat  was  placed  in  a  box  containing  a 
grid  floor  which  could  be  electrified  and  a  wheel  which 
the  animal  could  turn  to  avoid  or  escape  the  shock.  A 
buzzer  was  sounded  seven  seconds  before  the  shock  was 
scheduled.  If  the  rat  turned  the  wheel  during  the  buzzer, 
the  shock  was  not  delivered  (avoidance  behavior).  How¬ 
ever,  if  the  animal  failed  to  respond,  the  shock  followed 
and  was  terminated  only  when  the  animal  did  turn  the 
wheel  (escape  behavior).  Once  the  animals  were  trained 
to  avoid  the  shock  on  better  than  95  percent  of  the  buzzer 
trials,  the  author’s  administered  chlorpromazine  in  a 
range  of  doses.  They  found  that  the  avoidance  was  much 
more  sensitive  to  the  drug  than  was  the  escape  behavior 
in  that  a  dose  of  chlorpromazine  which  caused  an  avoidance 
loss  of  more  than  80  percent  (ie.,  the  rat  responded  to 
the  buzzer  on  less  than  30  percent  of  the  trials)  caused 
an  escape  loss  of  less  than  5  percent. 

The  repeated  administration  of  some  drugs  may  result 
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in  tolerance  effects.  Schuster  and  Zimmerman  ( 1 9 6 1 ) 
found  that  the  increase  in  response  rates  generated  by 
.75  to  1.5  mg/kg  of  dl-amphetamine  was  considerably 
smaller  after  repeated  doses.  However,  they  also  found 
that  the  elevation  of  locomotor  activity,  measured  sep¬ 
arately  in  the  same  rats,  did  not  decrease  with  repeated 
doses.  The  authors  concluded  that  with  the  tolerance 
effect,  an  interaction  with  the  schedule  parameters  (DRL 
17.5")  is  also  involved  along  with  physiological  deter¬ 
minants  . 

The  terms  stimulation  and  depression  are  also  used 
by  neurophysiologists  and  neuropharmacologists,  usually 
in  the  sense  of  increased  and  decreased  rates  of  firing 
of  nerve  cells.  Dews  (1962)  has  stated  that:  "It  is 
obvious  that  there  is  no  simple  isomorphic  relationship 
between  stimulation  and  depression  in  the  behavioral  and 
in  the  neurophysiological  senses,  and  in  fact,  no  neces¬ 
sary  direct  relationship  at  all",  (p.  438). 

There  is  little  doubt  that  the  inter-relationship 
between  drug  effects  and  environmental  variables  is  an 
extremely  sensitive  one.  A  primary  concern,  therefore, 
in  behavioral  pharmacology,  is  how  the  behavioral  effects 
of  drugs  are  modified  by  past  and  present  environmental 
determinants  of  behavior.  Normally  an  attempt  is  made  to 
hold  these  environmental  determinants  constant,  and  there- 
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to  minimize  their  importance  in  determining  the  effects 
of  drugs  on  behavior. 

The  LD50  of  amphetamine  and  related  compounds  is 
greatly  dependent  on  environmental  circumstances.  This 
was  first  reported  by  Gunn  and  Gurd  (1940),  and  has  sub¬ 
sequently  been  studied  by  Chance  (1946),  and  by  Hohn  and 
Lasagna  (I960).  The  aggregation  of  several  mice  in  a 
cage  after  the  administration  of  amphetamine  reduced  the 
LD50  to  of  the  order  of  one-tenth  of  the  dose  necessary 
for  mice  in  individual  cages.  Ambient  temperature,  size 
of  cage,  state  of  hydration  and  ambient  noise  also  had 
effects,  although  smaller,  (Chance,  1946,  1947).  It 
sometimes  comes  as  a  surprise,  therefore,  to  find  that 
seemingly  trivial  factors  of  the  sort  that  often  are  not 
specified  in  reporting  results  about  the  behavior  of 
intact  animals  can  profoundly  modify  the  effects  of  drugs. 

When  we  deal  with  less  gross  dependent  variables 
than  life  or  death,  the  environmental  variables  are  even 
more  important  in  jointly  determining  the  net  behavioral 
effect  of  a  drug.  Most  drugs  have  selective  actions  on 
behavior  in  different  situations  so  that  one  cannot 
predict  what  the  behavioral  effect  of  a  drug  will  be 
unless  something  is  known  about  the  conditions  under 
which  the  drug  is  acting  and  about  the  determinants  of 


behavior  in  that  situation. 
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Morse  (1962)  has  suggested  that:  "since  the  select¬ 
ive  modification  of  behavior  by  drugs  is  the  rule  rather 
than  the  exception  the  problem  for  behavioral  pharmacology 
today  is  to  go  beyond  the  mere  demonstration  of  differences. 
It  must  systematize  and  clarify  the  nature  of  the  inter¬ 
actions  between  the  effects  of  drugs  and  environmental 
determinants  of  behavior.  A  first  step  is  to  isolate  and 
specify  more  exactly  which  environmental  variables  are 
most  important  in  influencing  the  action  of  a  drug  on 
behavior" .  (p .  275 ) . 

FREE  OPERANT  AVOIDANCE 

Operant  psychology  is  the  intensive  investigation  of 
the  relationship  between  an  organism  and  its  environment. 

The  animal  laboratory  has  provided  an  opportunity  for  the 
systematic  analysis  of  orderly  relations  among  behavioral 
segments  within  this  framework,  and  the  term  "operant 
behavior"  (.Skinner,  1936)  has  been  used  to  refer  to 
behavior  which  operates  upon  the  environment  in  this 
fashion.  The  process  of  manipulating  such  behavior  as  a 
function  of  its  environmental  consequences  has  been  termed 
"operant  conditioning" . 

Skinner  (1938)  first  described  operant  conditioning 
procedures  of  the  kind  that  most  current  behavioral  exper- 
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iments  use.  Ferster  (1953)  has  pointed  out,  however,  that 
only  experiments  with  certain  additional  characteristics 
are  consistently  referred  to  as  operant  conditioning 
experiments  in  current  psychological  terminology.  The 
present  investigation  incorporates  these  additional 
characteristics : 

1.  The  extensive  use  of  rate  and  pattern  of 
responding  as  dependent  variables. 

2.  Schedule-controlled  behavior.  A  schedule  of 
reinforcement  is  a  precise  specification  of  the  plan 
according  to  which  discriminative  and  reinforcing  stimuli 
will  be  presented.  The  use  of  different  schedules  of 
reinforcement  gives  the  investigator  extremely  powerful 
control  over  a  variety  of  rates  and  patterns  of  responding. 

3.  The  animal  must  emit  an  appropriate  response  in 
order  to  produce  the  reinforcing  stimulus.  When  such 
stimuli  follow  a  response  they  increase  the  likelihood 
that  the  animal  will  behave  in  the  same  way  again. 

The  choice  of  pigeons  pecking  discs  and  rats 
or  monkeys  pressing  levers  as  the  response  measure  is  not 
entirely  arbitrary.  When  we  are  dealing  with  a  selected 
segment  of  the  behavior  of  a  freely  moving  animal  it  is 
essential  that  the  response  chosen  for  study  should  be 
one  that  can  be  repeated  frequently  and  over  long  periods 
without  fatigue. 
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5.  The  responses  studied  are  usually  easy  to 
record  by  means  of  automatic  equipment. 

With  these  additional  characteristics,  operant 
conditioning  techniques  have  been  used  to  investigate  a 
wide  range  of  problems  including  drug-behavior  relation¬ 
ships  . 

A  versatile  and  efficient  way  to  assess  the  behavior¬ 
al  effects  of  drugs  in  animals  is  to  measure  the  alter¬ 
ations  which  the  drugs  produce  on  a  stable  baseline  of 
on-going  behavior.  This  method  of  measuring  the  effects 
of  pharmacological  and  physiological  (and  many  other) 
variables  has  been  perhaps  most  forcefully  advocated  by 
Sidman  (i960).  When  there  is  a  stable  and  well  controlled 
"behavioral  baseline"  only  a  small  number  of  experimental 
subjects  are  required  for  detecting  and  measuring 
relatively  minute  drug  effects.  Problems  of  inter¬ 
animal  variability  are  minimized  since  each  animals  serves 
as  its  own  control.  Temporal,  sequential,  and  inter¬ 
actional  processes  can  be  followed  in  the  individual 
animal,  thus  avoiding  the  blurring  of  process  outlines 
that  result  when  data  must  be  combined  from  different 
animals . 

The  stability  of  the  baseline  within  and  between 
experimental  sessions  makes  the  avoidance  procedure 
suitable  for  measuring  the  effects  of  repeated  admin- 
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istration  of  drugs.  The  free  operant  avoidance  proced¬ 
ure  (Sidman,  1953a)  has  features  that  amply  justify  its 
extensive  use  both  in  routine  examination  of  new  drugs 
and  in  definitive  studies  of  drug  action  (Heise  and 
Boff,  1962). 

Many  experiments,  notably  the  work  of  Sidman  (1953a; 
1953b;  1958;  1962),  have  demonstrated  that  avoidance 
behavior  can  oe  conditioned  and  maintained  without  use 
of  an  extroceptive  warning  signal.  In  1953(a)  Sidman 
described  an  avoidance  schedule  in  which  the  rat  can 
postpone  shock  for  a  given  period  of  time  by  pressing  a 
lever.  This  is  known  as  the  response-shock  (R*S) 
interval.  Failure  to  press  the  lever  results  in  shock 
being  delivered  at  a  regular  interval;  the  shock-shock 
(S*S)  interval.  No  extroceptive  stimulus  warns  the 
animal  that  a  shock  is  impending.  The  duration  of  the 
shock  is  fixed  at  a  fraction  of  a  second,  so  that  the 
animal  does  not  terminate  the  shock.  Figure  2  shows  the 


2  The  following  rationale  for  the  use  of  this  term  is  given 
by  Sidman  (1966)  "The  basic  technique  has  been  given  sev¬ 
eral  names,  eg.,  nondis criminated  avoidance,  the  method 
of  temporal  pacing,  continuous  avoidance,  and  Sidman 
avoidance.  The  term  free  operant  avoidance,  if  not 
self-explanatory,  is  more  accurate  descriptively  than 
the  first  of  these,  is  not  as  theoretically  committed 
as  the  second  and  third,  and  gives  a  more  appropriate 
historical  credit  than  the  last."  (p.449). 
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Figure  2 

Relation  between  response-shock  interval  and 
rate  of  avoidance  responding.  (Adapted  from  Sidman, 
I960)  . 


fig.2 
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relation  between  the  R*S  interval  and  rate  of  avoidance 
responding . 

Solomon  and  Brush  (1956)  have  voiced  a  cautionary 
note  when  one  considers  the  avoidance  phenomenon: 

"We  often  take  the  avoidance  phenomenon  itself  for 
granted.  We  somehow  assume  that  it  is  natural  for 
organisms  to  ’anticipate'  noxious  events  in  an 
'adaptive'  fashion.  But  it  is  only  after  we  set 
up  certain  special  types  of  environmental  event 
sequences  that  the  avoidance  phenomena  emerges". 

(p.  215). 

Free  operant  avoidance  has  been  used  extensively  in 
tne  analysis  of  drug-behavior  relationships  within  the 
last  few  years.  Drug-rate  interaction  effects  have  been 
demonstrated  with  many  classes  of  psychoactive  "stimu¬ 
lant"  and  "depressant"  drugs.  Previous  experiments 
have  shown  that  moderate  doses  of  drugs  such  as 
d-amphet amine  (Sidman,  1956;  Carlton  and  Didamo,  1961; 
Weissman,  1963;  Hearst  and  Whalen,  1963),  methamphetamine 
(Verhave,  1958;  1961),  a-pipradrol  (Bernstein  and  Cancro , 
1962),  and  methylphenidate  (Stretch,  Blackman,  and 
Alexander,  1966;  Stretch  and  Skinner,  1967)  facilitate 
avoidance  behavior  by  producing  overall  increases  in 
response  rates.  These  effects  depend  partly  on  the 
parameters  of  a  given  schedule  (Bernstein  and  Cancro, 
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1962;  Stretch  et  al.,  1966,  1967)  and  partly  on  shock 
frequency  (Weissman,  1963). 

Weissman  found  that  relative  and  absolute  increments 
in  the  rate  of  avoidance  responding  produced  by  1  mg/kg 
i.p.  of  d-amphet amine  were  inversely  correlated  to  a 
significant  degree,  with  the  baseline  shock  frequencies, 
but  not  with  control  rates  of  responding.  Rats  that 
received  the  fewest  shocks  during  control  sessions  were 
likely  to  show  the  largest  increments  in  responding  after 
drug  administration.  The  author  states  that: 

"The  present  finding  that  the  baseline  shock 
rates  are  superior  to  the  baseline  response 
rates  in  predicting  relative  behavior  changes 
under  amphetamine  suggests  further  that  profiles 
derived  from  many  measures  of  conditioned 
behavior  may  enable  improved  accuracy  in  the 
predictions  of  drug  effects  on  individual 
subjects"  (p .  297 ) • 

More  recently.  Stretch  and  Skinner  (1967)  using 
methylphenidate ,  made  similar  observations  to  those  of 
Weissman.  The  authors  found  that: 

"When  avoidance  response  rates  are  relatively  low, 
but  accompanied  by  infrequent  shocks,  drugs 
such  as  methylphenidate  or  amphetamine  increase 
the  rate;  however,  if  a  comparable  response 
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rate  is  associated  with  a  greater  incidence 
of  shocks,  these  drugs  may  reduce  or  suppress 
the  rate  of  responding"  (p.  493). 

Response  rates  may,  however,  be  reduced  by  meth- 
amphetamine  in  an  animal  displaying  high  rates  of 
responding  immediately  after  shock  (Verhave,  1961). 

Clark  and  Steele  ( 1 9 6 3 )  also  found  that  the  characteris¬ 
tic  rate-depressant  effect  of  chlorpromazine ,  when  it 
was  administered  to  rats  working  on  a  free  operant 
avoidance  schedule,  was  not  found  in  one  animal  which 
exhibited  pronounced,  shock-induced  bursts  of  responses 
under  control  conditions.  The  animal  showed  an  increase 
in  response  rate  under  doses  less  than  1  mg/kg,  i.m. 

This  result  was  interpreted  by  the  authors  as  the 
"differential  effects  of  the  drug  upon  avoidance 
behavior:  (p.  230).  They  go  on  to  state  that: 

"Experimental  manipulation  of  the  baseline  avoid¬ 
ance  behavior  in  this  subject  through  the  addition 
of  a  schedule  providing  for  punishment  of  responses 
occurring  in  bursts  immediately  following  shocks 
was  successful  in  eliminating  bursts  of  more  than 
one  or  two  responses:  (p.  230). 

A  second  chlorpromazine  series  obtained  under  this 
added  punishment  contingency  then  yielded  a  typical 
dose-effect  relation  for  both  response  and  shock  rates 
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under  chlorpromazine . 

Dews  and  Morse  (1961)  suggest  that  there  is  a  tend¬ 
ency,  as  with  other  classes  of  drugs,  to  consider  first 
the  possibility  that  the  effects  of  the  drug  are  depend¬ 
ent  upon  the  nature  of  motivation  -  that,  for  example, 
drugs  may  affect  behavior  maintained  by  positive  reinforce¬ 
ment  differently  from  behavior  maintained  by  use  of  aver¬ 
sive  stimuli  such  as  electric  shocks.  As  has  been  repeat¬ 
edly  emphasized  such  differences  are  hard  to  establish, 
especially  when  it  has  been  shown  that  the  drugs  cause 
differential  effects  on  performance  depending  on  the 
schedule  of  reinforcement  under  identical  conditions  of 
motivation.  The  reviewers  have  the  impression  that  the 
stimulant  effects  of  the  amphetamines  continue  up  to 
higher  dose  levels  when  performance  is  maintained  by 
aversive  stimuli  than  when  it  is  maintained  by  positive 
reinforcement,  but  this  has  not  been  clearly  established. 

Some  progress  has  been  made  in  identifying  other 
factors  determining  the  effects  of  amphetamines.  From 
the  relative  effects  on  performance  on  four  different 
schedules  of  reinforcement  of  pigeons,  it  has  been 
suggested  (Dews,  1958b)  that  control  rate  of  responding 
is  an  important  factor,  that  sustained  rates  of  respond¬ 
ing  are  not  susceptible  to  increase,  but  that  very  low 
rates  or  intermittent  responding  are  readily  increased. 
There  is,  of  course,  a  limit  to  this  relationship,  in 
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that  if  tendency  to  respond  is  extremely  low,  ie. ,  some 
minimal  tendency  to  respond,  then  the  output  of  the 
behavior  cannot  be  increased  by  the  amphetamines.  This 
has  been  shown  by  Verhave  (1958)  in  rats.  When  training 
in  an  avoidance  situation  had  led  to  a  substantial  tend¬ 
ency  to  respond,  the  effects  of  the  amphetamines  became 
consistent  in  producing  an  increase  in  rate  (Verhave, 
1958;  Teitelbaum  and  Derks ,  1958). 

The  behavioral  effects  of  methy lphenidate  and 
pipradrol  seem  similar  to  those  of  the  amphetamines. 
Davis  (1957)  has  observed  that  even  1  mg/kg  methylphen- 
idate  produced  a  large  decrease  in  activity  in  already 
hyperactive  monkeys.,  a  finding  further  emphasizing  the 
dependence  of  this  type  of  effect  on  the  on-going 
behavior . 

STATEMENT  OF  THE  PROBLEM 

The  interpretations  of  the  net  behavioral  effects 
of  various  drugs,  as  outlined  previously,  are  very  com¬ 
plex.  Many,  oftimes  seemingly  trivial,  factors  must  be 
placed  under  strictest  control  before,  even  minimal, 
generalizations  can  be  accurately  set  forth. 

Due  to  the  dissimilarity  of  the  various  measures 
used  (ie.  positive  vs.  negative  reinforcement)  the 
broader  generality  of  drug-behavior  hypotheses  has  been 
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considerably  hampered.  The  large  majority  of  operant 
conditioning  experiments  utilizing  stimulant  drugs  have 
been  carried  out  with  the  amphetamines  (Dews,  1958b; 
Verhave ,  1961;  Weissman,  1963);  although,  more  recently, 
other  stimulant  drugs  such  as  a-pipradrol  (Bernstein  and 
Cancro,  1961)  and  methy lphenidate  (Stretch  et  al,  1966; 
Stretch  and  Skinner,  1967)  have  been  utilized. 

Dews  (1958b),  using  positive  reinforcement,  proposed 
that  the  behavioral  effects  of  drugs  such  as  the  amphet¬ 
amines  are  determined  largely  by  the  frequency  of  the 
responses  being  studied.  If  the  response  rate  is  low, 
such  drugs  increase  the  rate;  but  when  responses  under 
control  conditions  occur  frequently,  amphetamine  decreases 
the  overall  rate. 

In  the  light  of  present  knowledge  of  drug-rate 
interaction  effects,  two  important  questions  can  be 
appropriately  raised  at  this  point:  a)  do  drugs  such  as 
methy lphenidate  and  a-pipradrol  have  similar  behavioral 
effects  as  those  observed  with  the  amphetamines,  and 
b)  does  Dews’  drug-rate  hypothesis,  as  outlined  above, 
hold  for  the  aversive  case,  ie.  using  negative  reinforce¬ 
ment  ? 

Weissman  (1963),  as  seen  previously  suggests  that, 
using  avoidance  measures,  shock  frequency  plays  a  more 
important  role  as  a  determinant  of  drug-rate  interaction 
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effects.  Stretch  and  Skinner  ( 1 9 6 7 )  offer  strong  support 
to  Weissman’s  observations.  A  further  investigation  by 
Bernstein  and  Cancro  (1962)  has  pointed  to  the  importance 
of  the  temporal  variables  of  avoidance  conditioning  on 
drug-behavior  interaction.  The  authors  in  conclusion, 
suggest  that: 

"The  results  of  this  experiment  seem  to  indicate 
that  not  only  are  drug-behavior  interactions  a 
function  of  the  particular  schedule  under  which 
the  behavior  is  being  maintained  but  that  such 
differences  may  also  be  observed  when  the  para¬ 
meters  governing  the  behavior  within  a  single 
schedule  are  altered"  (p.  113). 

It  ib  increasingly  apparent  that  the  drug-induced 
changes  in  avoidance  response  rates  cannot  be  interpreted 
solely  in  terms  of  a  specific  rate  interaction  effect 
(Cook  and  Catania,  1964).  Taking  into  account  those 
observations  of  Weissman  (1963)  and  Stretch  and  Skinner 
(1967),  the  role  of  shock  frequency  in  the  investigation 
of  drug-behavior  interactions  in  free  operant  avoidance, 
cannot  be  underestimated.  Does  the  change  in  baseline 
response  rates  occur  as  a  direct  result  of  drug-induced 
responding;  or  does  the  drug  alter  the  patterning  of 
shocks  within  the  schedule,  which  in  turn  manifest  itself 
in  the  observed  avoidance  rate  changes?  This  question  is 
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pertinent  to  the  aims  of  the  present  investigation. 

With  these  bases  the  present  investigation  was 
designed  to  determine  whether  Dews'  drug-rate  inter¬ 
action  hypothesis  can  be  applied  to  behavior  maintained 
by  aversive  stimulation  when  shock  frequency  is  more 
adequately  controlled,  through  a  yoked  control  design 
(Church,  1964),  than  in  previous  investigations. 

In  more  conventional  yoked  control  experiments 
(Ferster  and  Skinner,  1957;  Church,  1964)  the  design 
involves  a  number  of  subjects  that  are  paired  on  some 
basis .  One  of  the  two  members  of  each  pair  is  randomly 
selected  as  the  experimental  subject  ;  the  other  member 
is  the  control  subject.  The  experimental  subject  is  put 
into  an  instrumental  learning  situation  in  which  an  event 
occurs  If  it  makes  a  particular  response;  the  control 
subject  is  put  Into  a  situation  in  which  an  equivalent 
event  occurs  if  its  yoked  experimental  subject  makes  the 
response.  Church  states  that: 

"That  critical  characteristic  of  this  design  is 
that  an  experimental  subject  determines  the 
presentation  of  events  to  its  control  subject 
so  that  the  experimental  and  control  subjects 
receive  the  same  number  and  temporal  distribution 
of  events"  (p.  122). 


, 
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JUSTIFYING  THE  TECHNIQUE 

Within  the  framework  of  the  problems  previously 
stated  the  present  investigation  was  designed  to: 

1. )  ascertain  the  broader  generality  of  Dews’  drug-rate 
hypothesis  (as  stated  above),  to  behavior  maintained  by 
aversive  stimulation,  using  methy lphenidate ,  and 

2. )  more  thoroughly  define  the  drug-rate,  shock-rate 
interaction  effects,  by  controlling  the  shock  frequency 
to  a  more  adequate  degree,  than  in  previous  experiments. 

To  investigate  the  first  consideration,  it  was 
necessary  to  procedurally  incorporate  a  fixed  ratio 
schedule  into  the  free  operant  avoidance  paradigm.  Fixed 
ratio  avoidance,  that  is  where  the  animal  must  make  a 
fixed  number  of  responses  to  postpone  shock  is  not 
directly  comparable  to  a  fixed  ratio  schedule  employing 
positive  reinforcement.  Most  obvious  is  the  fact  that  a 
positively  reinforced  ratio  schedule  does  not  have  temp¬ 
oral  parameters,  as  is  the  case  with  ratio  avoidance.  A 
more  comparable  positively  reinforced  schedule  would  be 
the  differential  reinforcement  of  a  high  rate  (drh)  in 
which  the  animal  not  only  has  a  ratio  requirement  to 
fulfill  but  a  specified  interval  of  time  In  which  to 
complete  It,  Under  these  scheduling  conditions  extremely 
high  response  rates  (depending  upon  the  values  of  the  R*S, 
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S*S  parameters)  are  produced. 

Fixed  ratio  avoidance,  in  isolation,  was  first  des¬ 
cribed  by  Verhave  (1959)  who  employed  a  ratio  requirement 
of  eight,  generating  successful  ratio  avoidance  in  a 
number  of  rats.  During  this  investigation,  Verhave 
manipulated  the  R*S  parameter  and  ascertained  its  effect 
on  response  rate.  The  initial  parameters  of  Verhave’ s 
schedule  were  R*S=S*S=30  secs,  with  an  FR=8.  Then  by 
increasing  and  decreasing  the  length  of  the  R*S  interval 
through  a  range  of  300  to  15  seconds,  he  was  able  to 
produce  correspondingly  substantial  increases  in  response 

4 

rate  (See  Figure  3).  Verhave,  noting  Sidman's  results 
(Sidman,  1953b),  points  out  "that  at  R*S>90  sec.  the  rate 
of  responding  drops  to  a  very  low  level  [so  that]  in  some 
animals  a  stable  rate  cannot  be  maintained"  (p.  960). 
However,  Verhave,  by  using  a  fixed  ratio,  showed  that 
responding  can  be  stabilized  at  R*S=300  seconds. 

The  procedure  adopted  in  the  second  consideration 


3  Holding  the  S*S  interval  constant  (eg  5  secs)  the  res¬ 
ponse  rate  increases  with  a  decrease  in  the  value  of  the  R*S 
interval;  so  that,  eg.  R*S  20"  S*S  5"  engenders  a  much 
higher  baseline  rate  than  R*S  80"  S*S  5". 

4 

The  rate  of  responding  as  a  logarithmic  function  of  the 
R*S  interval  was  fitted  by  the  method  of  least  squares 
y  =  157.38  +  0.1588x  -  79.8^  log  x  in  which  y  =  rate  of 
responding  in  minutes  and  x  =  duration  of  the  R*S 
interval  in  seconds. 
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Figure  3 

Rate  of  avoidance  responding  as  a  function  of 
the  R*S  interval.  (Adapted  from  Verhave ,  1959). 


fig.  3 
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involved  a  modification  of  the  "yoked  control"  design 
(Church,  1964)  as  mentioned  in  the  previous  section.  Once 
the  animals  had  achieved  a  stable  baseline  fixed  ratio 
avoidance  rate  they  were  paired-off  depending  upon  the 
similarity  of  their  mean  response  and  shock  rates.  (See 
Method  section  following  for  details).  Each  pair  consist¬ 
ed  of  one  high  rate  (R*S  20")  animal  and  one  low  rate 
(R*S  80")  animal.  Since  the  high  and  low  response  rates 
of  animals  within  a  pair  have  different  shock  frequencies 
maintaining  their  behavior  it  was  necessary  to  employ  a 
period  during  the  experimental  session  in  which  the 
animals  would  be  "yoked"  together  receiving  common  shock 
frequency.  The  modification  of  the  conventional  yoked 
control  design  developed,  involved  a  variable  interval 
’free’  (unavoidable)  shock  presentation  common  to  both 
animals  of  the  pair.  This  was  operative,  on  random  days, 
during  the  third  period  of  the  experimental  sessions. 

Maintenance  of  operant  response  rates  by  unavoidable 
shocks  was  first  demonstrated  by  Sidman,  Herrnstein  and 
Conrad  in  1957;  subsequently  demonstrated  by  Waller  and 
Waller,  (1963),  and  Kelleher,  Riddle  and  Cook  (1963)  Sidman 
et  al  (1957)  found  that  a  pre-aversive  stimulus  could 
increase  responding  when  a  continuous  shock  avoidance 
schedule  (Sidman,  1953)  was  used  to  maintain  behavior; 
with  further  exposure  to  this  procedure,  however,  the 
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response  rate  during  the  pre-aversive  stimulus  gradually 
decreased  toward  the  response  rate  that  prevailed  be¬ 
tween  presentations  of  the  pre-aversive  stimulus. 

A  study  by  Boren  and  Sidman  (1957)  amply  attests  to 
the  difficulty  in  interpreting  the  rate  of  shock  fre¬ 
quency  in  free  operant  avoidance.  The  authors  investi¬ 
gated  the  effects  of  varying  the  probability  that  shock 
will  actually  occur  when  the  animal  fails  to  emit  the 
avoidance  response.  "It  was  found  that  the  rate  of 
avoidance  responding  remained  essentially  constant  from 
100  percent  to  30  percent  shock"  (P.  192)  at  lower  shock 
percentages,  however,  the  authors  found  that  the  response 
rate  dropped  sharply. 

These  considerations,  then,  constitute  the  basis  for 
justifying  the  technique  employed  in  the  present 
experiment . 

PHARMACOLOGY  OF  METHYLPHENTDATE 

Specific  modification  of  the  structures  of  certain 
phenylisopropy lamines  with  central  stimulant  effects  has 
given  rise  to  a  group  of  pharmacologically  active  agents 
which  are  derivatives  of  2-benzylpiperidine .  One  thera¬ 
peutically  useful  member  of  this  group  is  methyl  a-phen- 
yl-2-piperidineacetate ,  known  more  commonly  as  methyl- 
pehnidate  hydrochloride,  or  Ritalin. 
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i)  CENTRAL  STIMULANT  ACTIVITY 

The  clinical  utility  of  methylphenidat e  lies  in 
its  ability  to  increase  central  nervous  activity  without 
adversely  influencing  the  cardiovascular  system  or 
appetite.  The  degree  of  central  stimulant  activity  of 
the  drug  lies  between  the  lower  and  upper  limits  represent¬ 
ed  by  caffeine  and  amphetamine  respectively  [Meier,  Gross 
and  Tripod  (1954);  Kruger  and  McGrath  (1964)]. 

The  first  descriptive  summary  of  the  effect  of 
methy lphenidate  was  by  Meier  et  al  (1954).  They  showed 
that  parenteral  or  oral  administration  of  the  drug  to 
mice,  rats,  rabbits,  and  dogs  results  in  increased  coordin¬ 
ated  motor  activity,,  It  was  expressed  in  the  experimental 
animals,  as  a  general  restlessness,  and  particularly,  as  a 
coordinated  increase  in  motility;  a  tendency  to  move  about 
and  run,  also  to  eat  or  gnaw,  without  becoming  aggressive. 
Depending  on  the  animal,  the  species  and  mode  of  admin¬ 
istration,  this  central  stimulating  effect  appears  after 
doses  of  0„5  to  1.5  mg.  per  kg.,  lasts  for  several  hours 
and  then  subsides,  leaving  signs  of  fatigue.  Larger  doses 
of  methy lphenidate  produce  an  atactic  gait  and  clonic 
tonic  convulsions.  Garberg  and  Sandberg,  (I960)  showed 
that  methy lphenidate  is  about  one  seventh  as  potent  as 
d-amphetamine  in  increasing  motor  activity 
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in  rats  to  three  times  control  activity. 

In  the  "social  situation"  in  which  mice  are  grouped 
five  to  a  container  of  standard  dimensions,  methyl- 
phenidate,  like  amphetamine  (Ghance,  19^6)  is  more 
toxic  (Greenblatt  and  Osterberg,  1961).  The  toxicity 
is  increased  to  a  slightly  lower  degree  than  is  that  of 
amphetamine.  This  work  showed  a  correlation  between 
increased  lethality  and  the  increase  in  motor  activity 
and  rectal  temperature  induced  by  the  drugs. 

ii)  EFFECTS  ON  SCHEDULE-CONTROLLED  BEHAVIOR 

Methy lphenidate  has  been  used  more  recently  on 
schedule-controlled  operant  behavior.  Instances  of 
its  use  in  both  positive  and  negative  reinforcement 
have  been  recorded. 

In  the  vein  of  positive  reinforcement  Mendelson 
and  Bindra  (1962)  have  shown  that  methylphenidate  in 
rats  will  depress  the  rate  of  bar  pressing  for  a 
water  reinforcer.  The  authors  attribute  this  effect 
to  the  disorientation  brought  about  by  the  increased 
general  activity  caused  by  the  drug.  Stretch  and 
Dalrymple  (1968)  however,  also  using  a  water  reinforcer, 
found  that  rats  responding  at  a  low  rate  on  a  DRL 
schedule  of  reinforcement  increased  their  response 
rates,  over  control  rates,  under  all  dose  levels 
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(2.5,  5.0  and  10.0  mg/kg)  administered.  The  difference 
in  findings  would  be  attributable  to  the  differential 
effects  of  the  drug  on  the  different  schedule  para¬ 
meters  governing  the  on-going  behavior. 

Rate-dependent  effects  of  methy Iphenidate  in  rats 
were  demonstrated  by  Mechner  and  Latranyi  (1963).  The 
authors  found  in  this  study  that  it  was  possible  to 
distinguish  three  close-related  psychomotor  stimulants, 
caffeine,  methamphet amine ,  and  methy Iphenidate  by  means 
of  two  operant  procedures,  fixed  interval  (PI  30  sec.) 
and  fixed  ratio(FR  45).  Under  the  fixed  interval 
schedule,  the  subject  was  required  to  manipulate  two 
bars;  a  response  on  bar  A  initiating  a  30  second  fixed 
interval  and  the  first  response  on  bar  B  following  the 
end  of  this  interval  being  reinforced.  Typically,  the 
subject  paused  after  starting  the  interval,  then  began 
to  respond  on  bar  B,  the  response  rate  gradually  accel¬ 
erating  until  a  reinforcement  was  obtained.  It  was 
immediately  evident  from  the  results,  that  in  spite  of 
wide  individual  differences,  administration  of  each  of 
the  drugs  resulted  in  an  increase  in  the  number  of 
responses  to  bar  B.  However,  caffeine  was  much  less 
effective  in  this  respect  than  methamphet amine  and 
methy Iphenidate  and  this  difference  was  shown  to  be 
statistically  highly  significant.  Further,  at  higher 
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dosages  of  12  and  24  mg/kg,  caffeine  did  not  produce 
destruction  of  the  temporal  discrimination  as  did  the 
remaining  two  drugs . 

When  the  subject  was  required  to  perform  under  the 
fixed  ratio  schedule,  it  was  again  presented  with  two 
levers.  46  responses  to  bar  A  were  required  before  a 
response  to  bar  B  would  be  reinforced.  As  in  the  fixed 
interval  procedure,  premature  responses  to  bar  B  did 
not  reset  the  count,  but  were  also  not  reinforced.  The 
subject  typically  completed  a  large  number  of  the  bar  A 
responses  before  making  a  bar  B  response  which  was 
usually  premature.  Following  the  first  bar  B  response, 
the  subject  normally  alternated  between  A  and  B  until 
the  reinforcement  was  obtained,  with  an  increasing 
number  of  bar  B  responses  as  the  end  of  the  ratio  re¬ 
quirement  approached.  A  post  reinforcement  pause  was 
normally  observed  and  again,  wide  individual  differences 
were  apparent .  All  three  drugs  increased  the  number  of 
responses  to  bar  B,  but  in  this  case,  the  effect  was 
less  marked  under  methamphet amine  than  with  caffeine  or 
methy lphenidate .  The  three  drugs  were  thus  quite  clear¬ 
ly  distinguished;  fixed  interval  isolates  the  caffeine 
effect,  and  fixed  ratio,  methamphetamine . 

At  the  peak  of  its  dose  response  curve,  methyl- 
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phenidate  had  behavioral  effects  very  similar  to  meth- 
amphetamine  under  the  fixed  interval  schedule  and  be¬ 
havioral  effects  similar  to  those  of  caffeine  under 
fixed  ratio. 

The  use  of  methy lphenidate  on  free  operant  avoid¬ 
ance  was  cited  previously. 

iii )  MECHANISMS  OF  ACTIVITY 

The  exact  mechanism  of  the  CNS  stimulant  activity 
of  methy lphenidate  remains  to  be  clarified.  The  avail¬ 
able  information  suggests  a  stimulating  effect  on  the 
brain  stem  reticular  formation.  Cole  and  Glees  (1956) 
have  proposed  that  methy lphenidate  acts  through  hypo¬ 
thalamic  sympathetic  activity  either  by  removal  of  an 
inhibitory  influence  on  sympathetic  centers  or  by  dir¬ 
ect  stimulation  of  these  areas.  Maxwell  et  al  (1959) 

have  suggested  that  methy lphenidate  acts  directly  on  the 
receptor  site  to  alter  responsiveness  in  some  manner. 
Studies  by  the  same  author  on  the  acutely  and  chronic¬ 
ally  denervated  nictating  membrane  suggest  that  part  of 
the  activity  of  methy lphenidate  may  be  dependent  upon 
the  presence  of  catecholamines,  since  the  acutely 
denervated  membrane  was  more  responsive  to  methylphen- 
idate  than  was  the  chronically  denervated  tissue.  These 
data  seem  to  show  that  no  massive  release  of  catechol- 
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amines  into  the  general  circulation  follows  the 
administration  of  methy lphenidate ,  but  these  substances 
may  have  to  be  present  for  an  effect  of  the  drug  to 
occur . 


METHOD 
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SUBJECTS 

Seven  hooded  female  rats  designated  HF11,  HF8, 

HF7 ,  HF6 ,  HF9 ,  HF3 ,  HF4  ,  respectively,  of  the  McGill 
University  -  Royal  Victoria  Hospital  strain,  bred  in 
the  laboratory,  approximately  four  months  old,  served 
as  subjects  in  this  investigation.  Each  animal  rec¬ 
eived  unrestricted  access  to  food  and  water  except 
during  experimental  sessions. 

APPARATUS 

The  experimental  apparatus  consisted  of  two, 
identical,  Grason-Stadler  Model  E3125AA  animal  chests. 
Since  the  chests  were  identical,  description  of  a  singl 
chest  will  be  given.  Each  chest  was  equipped  with  a 
wall  mounted  lever  and  grid  floor.  A  dim  red  house 
light  was  on  continuously  during  the  experimental 
sessions.  Shock  of  3-0  milliamp  intensity  and  0.5 
second  duration  was  delivered  through  the  grid  floor 
by  a  Grason-Stadler  Model  E1064GS  shock  generator. 

Shock  was  scrambled  so  that  the  polarity  of  the  grid 
floor  reversed  randomly  and  rapidly.  The  experimental 
contingencies  were  programmed  by  automatic  electro¬ 
mechanical  equipment,  with  provision  for  an  adjustable 
setting  of  the  R*S  parameter.  A  Gerbrands  cumulative 
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recorder  continuously  monitored  avoidance  responding  and 
digital  counters  totalled  the  responses  and  shocks  for 
each  forty  minutes  of  the  200  minutes  session.  Control 
equipment  was  located  in  an  adjacent  room  to  the  test 
chambers . 

PROCEDURE 

The  first  step  in  the  acquisition  of  free  operant 
avoidance  is  the  'shaping*  procedure.  Since  this  is  the 
same  for  each  animal  a  detailed  description  of  shaping 
for  one  animal  will  suffice.  The  first  ten  minutes  of 
the  first  experimental  session  was  allotted  as  an  ex¬ 
ploration-habituation  period.  The  rat  was  allowed  to 
move  freely,  to  explore  the  chamber,  and  become  habit¬ 
uated  to  the  experimental  environment,  in  the  presence 
of  a  dim  red  light.  The  automatic  programming  equip¬ 
ment  was  then  turned  on  and  shock,  of  1.0  milliamp 
i 

intensity  and  .5  sec.  duration  was  delivered  every 
five  seconds  in  the  absence  of  a  lever  press.  Once  the 
rat  had  taken  a  limited  number  of  shocks  (10  to  15 
shocks)  the  shaping  procedure  was  begun.  The  first 
behavior  to  be  selectively  reinforced,  that  is,  inter- 

i 

Initial  intensity  of  the  aversive  stimuli  is  of  the 
utmost  importance.  Responding  is  often  suppressed  if 
the  initial  intensity  of  the  aversive  stimulus  is  too 
great . 
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ruption  of  the  shock  sequence,  was  movement  of  the  rat 
into  the  area  of  the  test  chamber  where  the  lever  was 
located.  Rearing  behavior  was  then  selectively  rein¬ 
forced  in  order  to  increase  the  probability  that  the 

2 

rat  would  strike  the  lever  fortuitously  .  Any  lever 
presses  were  reinforced  and  the  shaping  procedure  was 
discontinued  when  the  animal  displayed  a  consistent 

3 

pattern  of  "pseudo-avoidance"  .  Time-t o-acquisit ion 
varied  between  animals  ranging  from  fifteen  minutes  to 
one  hour.  (See  Figure  )  . 

Following  successful  acquisition  of  the  lever 
press,  a  free  operant  avoidance  schedule  (Sidman  1953a) 
with  a  response-shock  interval  of  20  seconds  and  a 
shock-shock  interval  of  5  seconds  was  operative  for  25 

4 

sessions,  each  of  two  hundred  minutes  duration  . 
Responses  and  shocks  were  recorded  on  each  of  five 
forty  minute  intervals  comprising  the  two  hundred  min¬ 
ute  experimental  session.  (See  Figure  5). 

It  is  appropriate,  at  this  point,  to  develop  the 
schedule  differences  between  free  operant  avoidance 

2 

This  procedure  is  known  as  reinforcing  successive 
approximations  to  the  lever  press. 

3  Shock -elicited  responding  on  the  lever. 

4  Shock  Intensity  was  increased  to  2.0  ma  for  the  free- 
operant  avoidance . 
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Figure  4 

Acquisition  of  free  operant  avoidance  showing 
complete  session.  Oblique  pips  denote  shocks. 

Rat  HF11. 


Figure  5 

R*S  20  S*S  5  FR  1  avoidance  parameters 
showing  complete  session.  Oblique  pips  denote  shocks. 
Rat  HF8. 
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and  free  operant  ratio  avoidance.  Under  conventional 
free  operant  avoidance  parameters  the  animal  is  re¬ 
quired  to  make  a  single  response  within  the  R*S  inter¬ 
val  in  order  to  postpone  the  onset  of  a  noxious  stim¬ 
ulus  (eg.  shock).  However,  under  ratio  avoidance 
parameters,  the  condition  to  postpone  shock  is  quite 
different.  The  animal  must  now  make  a  set  number 
(fixed  ratio)  or  an  average  number  (variable  ratio)  of 
responses  within  the  R*S  interval  to  postpone  the  oc¬ 
currence  of  a  shock.  In  the  fixed  ratio  paradigm,  if 
the  animal  does  not  complete  the  ratio  requirement 
within  the  R*S  interval,  a  shock  occurs  which  immediate¬ 
ly  erases  the  prior  responses  made  in  that  interval; 
the  animal  now  has  to  complete  the  ratio  requirement 
anew  within  the  S*S  interval  in  order  to  escape  from 
the  shock.  As  will  be  seen  in  the  Result  Section 
following,  this  leads  to  a  rather  high  frequency  of 
shocks  during  the  first  several  minutes  of  the  exper¬ 
imental  session,  particularly  with  the  R*S  80  sec. 
animals . 

After  the  animals  had  stabilized  on  25  sessions 
of  R*S  20  S*S  5  FR  1,  the  number  of  responses  re¬ 
quired  for  shock  avoidance  was  gradually  increased 
until  a  stable  fixed  ratio  5  was  achieved.  This  was 
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carried  out  in  the  following  manner: 


FR2 

2 

sessions 

(2. 

0  ma 

shock ) 

FR2 

to 

FR3 

2 

sessions 

tt 

FR3 

6 

sessions 

it 

FR3 

to 

fr4 

2 

sessions 

( Shock 

increased 

to 

3.0 

ma) 5 

FR4 

4 

sessions 

(3. 

0  ma 

shock ) 

FR4 

to 

FR5 

1 

session 

M 

FR5 

30 

sessions 

If 

Stability  was  assessed  by  means  of  the  criterion 
employed  by  Schoenfeld,  Cumming  and  Hearst  (1956)  and 
is  described  by  them  as  follows: 

"The  first  seven  days  on  any  schedule  are  not 
considered  in  computing  stability.  For  the  next  six 
days,  the  mean  response  rate  per  minute  of  the  first 
three  days  of  the  six  is  compared  with  that  of  the 
last  three  days;  if  the  difference  between  these  means 
is  less  than  5%  of  the  six  days’  mean,  the  animal  is 
considered  to  have  stabilized.  If  the  difference  be¬ 
tween  the  sub-means  is  greater  than  5  percent  of  the 
grand  mean,  another  experimental  day  is  added  and 


5 

Boren,  Sidman  and  Herrnstein  (1959)  have  shown  that 
the  rate  of  avoidance  responding  increases,  to  an 
asymptote,  as  the  shock  intensity  is  increased  to  a 
maximum  of  3.0  to  3.2  ma;  after  which  no  further 
increase  in  responding  is  obtained. 
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similar  calculations  are  made  for  that  day  and  the  5 
days  immediately  preceeding  it.  The  process  is  con¬ 
tinued  until  the  criterion  is  met.”  (P.  567).  It 
should  be  noted  that  the  authors  in  the  1956  paper 
and  subsequently  Cumming  and  Schoenfeld  (I960),  report¬ 
ed  that  the  criterion  was  not  entirely  satisfactory, 
since  fluctuations  beyond  the  5  percent  limit  were  not¬ 
ed  in  a  number  of  subjects  after  they  had  met  the 
criterion.  However,  as  Dalrymple  (1966)  has  noted, 

"it  is  the  only  method  other  than  visual  inspection  of 
cumulative  records,  that  offers  any  indication  of  the 

subject's  approach  to  stability"  (P.  4l),  and  was 

6 

employed  in  the  present  study  . 

Once  the  behavioral  baseline  was  established  for 
all  animals  at  R*S  20  S*S  5  FR  5,  parameter  changes 
of  the  R*S  interval  were  programmed  in  the  following 
manner : 

(1)  Three  animals  (HF11,  HF7  and  HF6 )  remained 
on  R*S  20  S*S  5  FR  5  establishing  a  high  baseline 
response  rate . 

(2)  Three  animals  (HF3,  HF8  and  HF9 )  were  sub¬ 
jected  to  increases  in  the  R*S  interval  according  to 

6 

A  full  discussion  of  the  nroblems  associated  with 
behavioral  stability  and  stability  criteria  is  offered 
in  "Tactics  of  Scientific  Research"  by  Murray  Sidman 
(I960)  . 
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the  scheme  below: 

R*S  60  S*S  5  FR  5  5  sessions 
R*S  80  S*S  5  FR  5  10  sessions 

The  response  rate  engendered  by  this  manipulation  was 

reduced  to  the  order  of  one  third  that  established  on 

the  R*S  20  parameters  (Sidman,  1953b;  Verhave,  1959). 

Once  stable  response  rates  were  obtained  in  the 

high  rate  (R*S  20)  and  low  rate  (R*S  80)  animals,  drug 

7 

tests  were  made  to  determine  whether  methy lphenidat e 
affected  the  differential  rates  of  avoidance  responding. 
Dosages  of  methy lphenidate  (4,  8,  and  16  mg/kg)  were 
administered  in  an  essentially  random  sequence.  The 
effects  of  each  dosage,  given  intraperitoneally ,  were 
determined  on  four  separate  occasions,  interspersed 
with  control  sessions  and  sessions  preceeded  by  in¬ 
jections  of  saline  solution.  Throughout  this  series 
of  drug  tests  the  injections  were  administered  a  min¬ 
ute  before  the  beginning  of  the  experimental  session. 
Thirty-eight  sessions  were  required  to  complete  drug 
tests  . 

The  next  phase  of  the  investigation,  in  order  to 
ascertain  more  effectively  the  role  of  shock  frequency 
in  drug-rate  interaction  effect,  required  the  design 

7 

The  lyophilized  hydrochloride  salt  of  this  drug 
dissolved  in  distilled  water. 
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of  a  modified  yoked  control  (Church,  1964)  procedure; 

as  mentioned  previously  in  the  introduction.  This 

required  a  number  of  changes  in  the  basic  procedure. 

First ,  the  animals  were  paired  so  that  each  pair  con- 

8 

sisted  of  one  "high  rate"  (R*S  20)  animal  and  one 
"low  rate"  (R*S  80)  animal,  depending  upon  the  similar¬ 
ity  of  their  mean  shock  frequencies  during  the  third 
40  min.  period  of  the  five  40  min.  periods  comprising 
the  session.  Second,  the  automatic  programming  which 
had  consisted  of  five  40  min.  periods  of  ratio  avoid¬ 
ance,  was  now  modified  in  the  following  manner:  A  two 
minute  time-out ,  in  which  the  experimental  contingencies 
were  not  operative,  followed  each  successive  40  min. 
period.  During  the  third  40  min.  period  a  variable 
interval  (V.I.)  tape  (constructed  on  the  mean  shock 
rate  per  minute  for  each  pair)  became  operative,  de¬ 
livering  common  shock  to  both  animals  during  this 
period  (ie  yoked  V.I.  shock  presentation).  Responses 
occurring  during  this  period  were  not  effective  in 
postponing  the  programmed  shocks  (unavoidable  shock). 

The  overall  V.I.  session,  then,  was  as  follows:  ratio 

8 

Response  rates  engendered  by  the  R*S  20  parameter 
were  approximately  32.00  responses  per  minute  as  com¬ 
pared  to  the  rate  engendered  by  the  R*S  80  parameter 
which  was  approximately  8.00  responses  per  minute. 

These  have  been  termed,  therefore,  the  high  rate  (R*S 
20)  and  low  rate  (R*S  80)  animals,  respectively. 
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avoidance  for  40  minutes,  2  minute  time-out,  ratio 
avoidance  for  40  minutes,  2  minute  time-out,  variable 
interval  shock  presentation  for  40  minutes,  2  minute 
time-out,  ratio  avoidance  for  40  minutes,  2  minute 
time-out,  ratio  avoidance  for  40  minutes,  2  minute  time¬ 
out,  and  end  of  session.  A  session  which  involved  the 
V.I.  period  was  termed  a  V.I.  Session,  and  a  session 
which  consisted  entirely  of  periods  of  ratio  avoidance 
was  termed  a  Ratio  Session.  Each  pair  of  animals 
received  ten  V.I.  sessions  at  random,  interspersed 
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When  re-stabilization  had  been  achieved  a  second 
series  of  drug  tests  was  begun.  This  series  differed 
from  the  previous  one  in  the  following  respects: 


• 

- 
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1)  dosages  of  methy lphenidate  were  now  4,  8  and  12 
mg/kg  and  2)  throughout  this  series  of  determinations, 
the  injections  were  administered  during  the  2  minute 
time-out  between  the  second  the  third  40  min.  periods 
of  the  session.  This  procedure  allowed  for  two  crit¬ 
ical  observations:  First,  the  drug  was  maximally  ef¬ 
fective  during  the  V. I .  period  or  the  Ratio  period 
depending  upon  which  type  of  session  was  programmed. 
Second,  the  drug  was  effective  upon  stable  avoidance 
behavior  and  not  interacting  with  the  shock-induced 

9 

escape  responding  at  the  beginning  of  the  experiment¬ 
al  session.  The  effects  of  each  dosage,  given  intra- 
peritoneally ,  were  determined  on  four  separate  occas¬ 
ions  under  both  V. 1 .  and  Ratio  sessions  ,  interspersed 
with  V.I.  and  Ratio  control  sessions  and  sessions  of 


In  many  animals  at  the  beginning  of  the  experiment¬ 
al  session  responding  does  not  occur  until  a  series  of 
shocks  has  been  delivered.  Two  things  may  result  from 
this:  First,  the  animal  may  press  the  lever  immediate¬ 

ly  and  hold  it  down,  so  that  shock  is  postponed  brief¬ 
ly  but  will  reoccur  within  seconds  if  another  response 
is  not  forthcoming,  or,  secondly,  following  a  shock 
the  animal  may  emit  several  responses  on  the  lever  in 
rapid  succession.  This  phenomenon  is  known  as  pseudo¬ 
avoidance,  shock-elicited  responding  or  adventitiously 
reinforced  escape  behavior  (Keehn  and  Chaudrey,  1964). 
Such  behavior  is  observed  invariably  at  the  outset  of 
each  experimental  session  but,  in  general,  persists  no 
longer  than  10  to  15  minutes  and  is  not  characteristic 
of  the  patterns  of  responding  observed  subsequently 
during  the  remainder  of  the  session. 
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both  preceeded  by  injections  of  saline  solution.  Each 
animal,  therefore,  received: 

4  Ratio  control  sessions  -  4  V.I.  control  sessions 


4 

"  saline  " 

-  4  M 

saline 

Tt 

4 

"  4  mg/kg  " 

-  4  " 

4  mg/kg 

M 

4 

"  8  mg/kg  " 

-  4  " 

8  mg/kg 

tl 

4 

"  12  mg/kg  " 

-  4  " 

12  mg/kg 

M 

These  ten  different  conditions  were  operative  in 
an  essentially  random  sequence  with  two  drug  days 
never  occurring  in  succession. 

For  this  phase  of  the  investigation  which  entailed 
yoked  pairs  of  animals  for  V.I.  shock  presentation,  a 
change  of  subjects  was  carried  out.  During  the  first 
series  of  drug  determinations  two  of  the  R*S  80  sec, 
animals  (HF3  and  HF9 )  encountered  serious  difficulties 
with  the  fixed  ratio  avoidance  schedule.  Rat  HF9  died 
during  one  experimental  session  under  16  mg/kg  drug 
dosage;  animals  HF6  (R*S  20)  and  HF3  (R*S  80)  displayed 
increasingly  persistent  patterns  of  pseudo-avoidance 
responding  and  since  they  encountered  problems  under 
the  drug  conditions,  were  deemed  unreliable  and  dropped 
from  the  experiment .  Rat  HF4  replaced  HF9  and  was 
paired  with  HF7  an  R*S  20  sec.  animal.  Experimental 
arrangements  for  each  subject  are  summarized  below. 
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SUBJECTS  AND  PARAMETERS 


Series  1 


Rat  :  HFir“ 
HF7 
HF6  _ 


R*S  20  S*S  5  FR  5 


HF8  ~~ 
HF3 

( Died ) HF9  _ 


R*S  80  S*S  5  FR  5 


Series  2 


Rat : 

HF11 

R*S 

20 

S*S 

5 

FR 

5/VI 

4 

mins  . 

HF8 

R*S 

80 

S*S 

5 

FR 

5/VI 

4 

mins  . 

1  0 

Series  3 

Rat  : 

HF7 

R*S 

20 

S*S 

5 

VR 

5/VI 

2 

mins  . 

HF4 

R*S 

80 

s*s 

5 

VR 

5/VI 

2 

mins  . 

1  o 

Rats  HF7  and  HF4  initially  began  the  second  series 
of  drug  determinations.  However,  under  the  FR  5 
avoidance  requirement,  both  subjects  showed  a  rather 
large  degree  of  variability  in  their  control  baselines. 
This  was  particularly  manifest  in  rat  HF4  who  displayed 
an  extremely  fluctuating  shock  frequency  (See  Figures 
35  and  36)  under  FR  control  conditions.  Both  subjects 
showed  stable  baseline  response  rates  under  variable 
interval  2  min.  shock  presentation.  As  a -consequence 
of  the  unstable  FR  behavior  a  further  schedule  change 


Footnote  10  (continued) 

was  made.  Avoidance  baselines  were  reestablished  for 
both  subjects  on  a  variable  ratio  rather  than  the 
fixed  ratio  avoidance  schedule.  Variable  ratio  differs 
from  fixed  ratio  avoidance  in  that  the  subjects  now 
have  to  make,  on  average,  five  responses  during  the 
R*S  interval  to  postpone  the  onset  of  shock. 
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The  results  to  be  presented  in  this  section  were 
derived  from  the  consecutive  phases  of  the  experiment, 
as  follows:  (i)  establishment  of  fixed  ratio  avoidance 
behavior;  (ii)  findings  emerging  from  the  first  ser¬ 
ies  of  drug  determinations;  (iii)  paired  fixed  ratio/' 
variable  interval  restabilization;  (iv)  findings 
emerging  from  the  second  series  of  drug  determinations; 
(v)  paired  variable  ratio/variable  interval  restabil¬ 
ization;  and  (vi)  findings  emerging  from  the  third 
series  of  drug  determinations. 

( i )  Establishment  of  fixed  ratio  avoidance  behavior. 

During  this  first  phase  of  the  experiment,  once 
the  animals  had  acquired  the  avoidance  response,  each 
animal  was  given  25  sessions  of  R*S  20  S*S  5  FR  1 
avoidance.  Examples  of  the  performance  engendered  by 
these  parameters  are  shown  in  Figures  6,  7,  8  and  9. 
Overall  rates  of  responding  are  consistent,  while  day 
to  day  fluctuation,  within  acceptable  limits,  is  evident 
(Figures  6  and  8).  The  average  number  of  shocks  occur¬ 
ring  per  hour  (Figures  7  and  9)  also  fluctuates  from 
session  to  session  over  the  25  consecutive  sessions. 
Individual  differences  in  the  acquisition  of  the  free 
operant  avoidance  schedule  were  observed;  as  an  example. 
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Figure  6 

Avoidance  baseline,  R*S  20  S*S  5  FR  1, 
all  response  rate  per  minute  for  25  consecutive 
sessions.  Rat  HF7 . 


Figure  7 

Avoidance  baseline,  R*S  20  S*S  5  FR  1 , 
average  shock  rate  per  hour  for  25  consecutive 
sessions.  Rat  HF7° 
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Figure  8 

Avoidance  baseline,  R*S  20  S*S  5  FR  1, 
all  response  rate  per  minute  for  25  consecutive 
sessions.  Rat  HF4. 


Figure  9 

Avoidance  baseline,  R*S  20  S*S  5  FR  1, 
average  shock  rate  per  hour  for  25  consecutive 
sessions.  Rat  HF4„ 
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the  overall  response  rate  of  rat  HF4  (Figure  8)  is  con¬ 
siderably  less  than  that  of  HF7  (Figure  6).  Also 
evident  is  the  accompanying  higher  shock  frequency  oc¬ 
curring  per  hour  for  HF4  (Figure  9).  This  inter¬ 
subject  variability  was  observed  consistently  through¬ 
out  the  experiment.  Within  25  sessions  all  animals  had 
satisfied  the  stability  criterion,  however,  as  assessed 
by  the  method  of  Schoenfeld,  Cumming  and  Hearst  and 
described  previously  in  the  Method  section. 

Figures  10  and  11  exemplify  the  typical  results 
of  increasing  the  number  of  responses  required  to  avoid 
shock  from  two  (FR2)  to  five  (FR5).  An  overall  increase 
in  response  rate  is  observed  with  an  apparent  greatly- 
increasing  shock  frequency.  Closer  examination  of  the 
data  reveals  that  the  average  shock  rate  per  period, 
over  a  5  period  session,  is  not  as  high  as  it  appears 
in  Figures  10  and  11.  The  shock  rate  that  does  increase 
significantly  with  an  increase  of  the  ratio  requirement 
is  that  for  the  first  40  minute  period  of  the  session. 
This  is  the  warm-up  effect  that  persisted  in  all  sub¬ 
jects  throughout  the  experiment.  Figure  12  shows  the 
change  in  shock  rate  as  the  experimental  session  pro¬ 
gresses.  There  is  generally  observed  a  decrease  in 
shocks  through  each  40  minute  period  to  some  minimal 
value  by  the  fourth  period,  after  which  it  remains  fairly 
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Figure  10 

Transition  from  FR  2  to  FR  5,  overall  response 
rate  per  minute  (solid  line)  and  average  shock  rate 
per  hour  (dotted  line)  for  31  consecutive  sessions, 


Rat  HF7. 
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Figure  11 

Transition  from  FR  2  to  FR  5,  overall  response 
rate  per  minute  (solid  line)  and  average  shock  rate 
per  hour  (dotted  line)  for  31  consecutive  sessions. 
Rat  HF8. 
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Figure  12 

Average  number  of  shocks  occurring  per  period 
over  10  experimental  sessions  on  FR  5  avoidance. 
Maximum  shocks  (open  circles)  and  minimum  shocks 
(open  triangles)  are  also  shown.  Rat  HF7 . 
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constant  for  the  remainder  of  the  session.  The  cumul¬ 
ative  records  in  Figure  13  demonstrate  the  rate  changes 
and  changes  in  shock  frequency  as  a  function  of  increas¬ 
ing  the  ratio  requirement  from  one  to  five.  Particular¬ 
ly  evident  is  the  extended  ’warm-up'  effect  at  the 
higher  ratio  values.  (FR  3,4,  and  5). 

A  representative  result  of  the  parameter  manip¬ 
ulation  of  the  R*S  interval  is  shown  in  Figure  14 .  The 
overall  response  rate  per  minute  decreased  with  an  in¬ 
crease  in  the  R*S  interval  value  to  low  levels  of  res¬ 
ponding  which  differed  for  each  of  the  three  animals. 

(See  Table  1,  in  appendices).  Consistent  with  previous 
observations  the  shock  rate  per  hour  fluctuated  over  a 
range  of  ±10  shocks.  Examination  of  cumulative  records 
in  Figure  15  reveals  the  individual  differences  in  base¬ 
line  response  and  shock  rates  between  the  three  subjects, 
on  R*S  80  sec.  Performance  of  the  three  animals  re¬ 
maining  on  the  R*S  20  sec.  parameter  is  shown  in  Figure 
16  (See  also  Table  2,  in  appendices).  Stable  rate  dif¬ 
ferences  engendered  by  the  R*S  20  sec.  and  R*S  80  sec. 
parameters  respectively  persisted  throughout  the  exper¬ 
iment  . 

( ii )  Findings  emerging  from  the  first  series  of  drug 

determinations . 

In  the  Method  (Procedure  section)  it  was  pointed 
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Figure  13 

Representative  cumulative  records  showning  the 
effects  of  increasing  the  number  of  responses  required 
to  avoid  shock  from  1  to  5  on  R*S  20  S*S  5  parameters. 
First  ^40  minutes  of  each  record  are  shown.  Oblique 
pips  denote  shocks.  Note  the  'bursts’  of  shocks  occur¬ 
ring  during  'warm-up'  at  the  beginning  of  each  session. 
Rat  HF8 . 
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Figure  l1! 

R*S  interval  parameter  manipulation,  R*S  20  sec. 
to  R*S  80  sec.  Overall  response  rate  per  minute 
(solid  line)  and  average  shock  rate  per  hour  (dotted 
line)  for  16  consecutive  sessions.  Rat  HF8. 
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Figure  15 

Representative  cumulative  records  of  results  on 
R*S  80  S*S  5  FR  5  parameters.  Records  show  first 
2  hours  of  the  experimental  session.  Inter-subject 
variability  in  baseline  response  and  shock  rates  is 
prominent.  Oblique  pips  denote  shocks.  Rats  HF4 , 
HF3  and  HF8. 
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Figure  16 

Representative  cumulative  records  of  results  on 
R*S  20  S*S  5  FR  5  parameters.  Record  shows  first  2 
hours  of  the  experimental  session.  Individual  differ¬ 
ences  in  response  and  shock  rates  are  evident.  Oblique 
pips  denote  shocks.  Rats  HF11,  HF7  and  HF6 . 
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out  that  the  drug  (or  saline  solution)  was  administered 
one  minute  prior  to  the  beginning  of  the  experimental 
session.  The  time-course  of  drug  action  was  observed 
to  be  maximally  effective  during  the  first  40  minute 
period,  decreasing  thereafter,  to  near  control  rates  by 
the  third  40  minute  period,  depending  upon  the  dosage 
given.  The  results  then,  during  this  phase  of  the  ex¬ 
periment,  will  be  reported  in  terms  of  the  first,  second 
and  third,  40  min.  periods  comprising  the  experimental 
session . 

At  the  outset  of  this  phase  of  results  some  gen¬ 
eral  comments  are  appropriate:  First,  in  the  present 
state  of  knowledge  of  drug-behavior  interactions,  us¬ 
ing  aversive  stimuli,  the  results  of  the  administration 
of  graded  dosages  of  a  psychoactive  agent  cannot  be 
interpreted  solely  in  terms  of  a  drug-response  rate 
effect.  Effects  of  the  drug  on  ongoing  behavior  must 
be  examined  in  terms  of  the  parameters  controlling  the 
behavior  and  the  response  and  shock  frequencies  engen¬ 
dered  by  the  schedule  parameters  in  the  individual 
subjects.  Second,  the  results  of  one  R*S  80  animal 
(HF9)  have  been  omitted  since  the  animal  died  during 
the  third  16  mg/kg  determination,  thus  not  completing 
the  remainder  of  the  determinations  at  the  4  and  8 


mg/kg  dose  levels. 
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The  general  trend,  in  all  animals  under  each  dose 
of  methy lphenidat e ,  was  an  increase  in  response  rate  over 
that  observed  under  control  conditions.  The  results  for 
each  dosage  are  now  described  in  greater  detail. 

Figure  17  represents  the  results  of  four  deter¬ 
minations  of  4  mg/kg  methy Iphenidate  (See  also  Table  3,  in 
appendices).  All  subjects  show  an  increase  in  response 
rate  over  control  conditions.  Rats  HF6  and  HF3  show  a 
relatively  small  increase  in  rate  accompanied  by  a  sizeable 
and  variable  shock  frequency  increase.  Those  subjects,  on 
the  other  hand,  who  display  a  lower  shock  frequency  under 
control  conditions,  produce  higher  overall  response  rates 
under  drug  conditions . 

Examination  of  the  cumulative  record  in  Figure  18 
shows  the  time-course  of  drug  action  and  the  temporal 
distribution  of  responses  and  shocks.  Subjects  HF7  >  HF8 
and  HF3  show  increased  incidence  of  escape  behavior  fol¬ 
lowing  the  administration  of  the  drug.  This  is  evident 
in  the  increased  shock  frequency  occurring  during  the 
first  5  to  15  minutes  of  the  session.  Drug-induced  rate 
increases  for  HF3  became  evident  only  after  approximately 
one  half  hour  from  the  beginning  of  the  session.  Rat 
HF11,  on  the  other  hand,  showed  consistent  drug-induced 
rate  increases  and  few  shocks  for  all  determinations 


administered . 
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Figure  17 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shocks  per  40  minute  period  (indented  bars) 
for  four  determinations  of  methy lphenidate  at  the  4 
mg/kg  dose  level.  Vertical  lines  represent  the  range, 
and  C  shows  control  rates.  Rats  HF11,  HF7 ,  HF6 , 

HF3  and  HF8. 
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Figure  18 

Representative  cumulative  records  showing  results 
of  methy lphenidate  at  the  4  mg/kg  dose  level.  Oblique 
pips  denote  shocks.  Arrows  show  beginning-of-session 
escape  responding.  Records  represent  the  first  2  hours 
of  the  experimental  session.  Rats  HF11,  HF7 ,  HF6 , 
HF8  and  HF3- 
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Results  of  administration  of  8  mg/kg  methylphenidat e 
are  shown  in  Figure  19.  (See  also  Table  4,  in  appendices). 
Consistent  with  the  observations  of  the  4  mg/kg  dose  level 
is  that  all  subjects  show  an  increase  in  response  rates 
over  control  conditions.  However,  the  increases  are  gen¬ 
erally  larger  at  the  8  mg/kg  dose  level.  Larger  over-all 
response  rate  increases  are  observed  in  the  R*S  20  sec. 
animals  whose  baseline  response  rates,  under  control  condit¬ 
ions,  are  in  the  order  of  three  times  those  engendered  by 
the  R#S  80  sec.  parameter. 

Figure  20  shows  representative  cumulative  records 
for  the  8  mg/kg  dose  administrations.  As  would  be  expect¬ 
ed,  the  8  mg/kg  dose  shows  a  more  pronounced  time-course 
effect,  (than  the  4  mg/kg  dose)  lasting  up  to  the  third 
40  min.  period  of  the  session.  Animals  HF6,  HF8  and  HF3 
again  show  post-shock  bursting  at  the  beginning  of  the 
first  period.  This  is  particularly  evident  in  HF3  and 
consistent  with  observations  from  the  4  mg/kg  determinat¬ 
ions.  Those  subjects  receiving  few  shocks  under  control 
conditions  (HF11  and  HF8),  had  a  smaller  range,  in  RPM 
at  the  8  mg/kg  dose  than  those  animals  who  receive  many 
shocks  under  control  conditions  (HF7,  HF6  and  HF3). 

Response  rate  increases  with  the  16  mg/kg  determin¬ 
ations  were  similar  to  those  produced  by  the  8  mg/kg  dose 
level,  but  persisted  longer  (up  to  the  fourth  40  min  period). 
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Figure  19 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shocks  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy Iphenidate  at 
the  8  mg/kg  dose  level.  Vertical  lines  represent 
the  range .  Rats  HF11,  HF7 ,  HF6 ,  HF3  and  HF8„ 
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Figure  20 

Representative  cumulative  records  showing  re¬ 
sults  of  methy lphenidate  at  the  8  mg/kg  dose  level. 
Oblique  pips  denote  shocks.  Arrows  show  beginning- 
of-session  escape  responding.  Records  represent 
the  first  2  hours  of  the  experimental  session.  Rats 
HF11,  HF7,  HF6,  HF8  and  HF3 • 
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Results  are  shown  in  the  histograms  of  Figure  21  and  in  the 
representative  cumulative  records  in  Figure  22.  (See  also 
Table  5,  in  appendices).  At  this  highest  dose  level, 
those  animals  displaying  post-shock  bursting  during  the 
first  ^0  minute  period  encountered  some  difficulty.  HF6 
received  a  high  incidence  of  shocks  prior  to  rate  increases 
induced  by  the  drug.  HF3  displayed  similar  behavior  init¬ 
ially,  then,  early  in  the  third  period,  collapsed  in  an  ap¬ 
parent  state  of  exhaustion.  The  16  mg/kg  determinations 
were  then  discontinued  for  th^seanimals .  (A  second  R*S  80 
sec.  animal,  mentioned  earlier,  whose  data  is  not  being 
presented,  could  not  effectively  eliminate  shocks  during 
the  first  period  of  the  third  16  mg/kg  determinations,  and 
then  died  in  the  experimental  chamber). 

Both  the  8  mg  and  16  mg/kg  dose  level  results  emph¬ 
asize  the  variability  of  drug-rate  effects  with  differences 
in  'warm-up'  between  subjects.  Rat  HF11  (Figure  21)  with 
little  'warm-up'  effects  displayed  consistent  rate  increases 
within  a  narrow  range  over  four  determinations.  Rat  HF6 
(Figure  21),  on  the  other  hand  encountered  a  relatively 
high  shock  frequency  initially,  which  varied  over  a  large 
range;  the  rate  increases  associated  with  this  period  are 
variable  over  a  wide  range  for  four  determinations. 

Central  to  the  aims  of  the  study  is  the  observation 
that  overall  drug-induced  rate  changes  alone,  showing  the 
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Figure  21 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shocks  per  40  minute  period  (indented 
bars)  for  four  determinations  of  me thy lphenidate  at 
the  16  mg/kg  dose  level.  Vertical  lines  represent 
the  range.  Rats  HF11,  HF7 ,  HF6 ,  HF3  and  HF8 . 
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Figure  22 

Representative  cumulative  records  showing 
results  of  methy lphenidate  at  the  16  mg/kg  dose 
level.  Note  the  increased  incidence  of  beginning- 
of-session  escape  responding  in  HF6  and  HF3. 
Oblique  pips  denote  shocks.  Records  represent  the 
first  2  hours  of  the  experimental  session.  Rats 
HF11,  HF7  5  HF6,  HF8  and  HF3 . 
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absolute  increments  in  responding,  do  not  completely  ex¬ 
press  the  results »  Results  engendered  by  the  three  graded 
doses  must  also  be  considered  in  terms  of  the  relative 
behavioral  output  of  the  individual  subjects  in  that  twice 

as  many  drug-induced  responses  should  mean  twice  as  much 
1 

behavior . 

Table  I  represents  the  relative  ratio  of  increases 

2 

in  behavioral  output  over  control  rates  in  the  individual 
subjects  resulting  from  the  first  series  of  drug  tests. 


TABLE  I 


Sub j ects 

4  mg/ kg 

...  3  mg/kg__ 

16 

mg/kg 

HF 

11 

R*S 

20 

1 . 70 

2 . 70 

2 

64 

HF 
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7 

R*S 

20 

L  73 

2.36 

2 

79 

HF 

6 

R*S 

20 

1 . 30 

3^03 

2 

64 

HF 

8 
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80 

2.30 

0 

0 

0 

OJ 

1. 

89 

HF 
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R*S 

80 

1.00 

O 

tr— 

CM 

1 

! 

s 

2 

20 

Honig  (1966)  has  suggested  that:  "...  it  is  meaningful 
to  talk  about  the  amount  of  responding;  twice  as  many 
responses  mean  twice  as  much  behavior,  while  it  is  less 
certain  that  twice  the  amplitude,  half  the  latency,  etc., 
of  a  response  have  the  same  kind  of  direct  numerical 
implication",  (p.6). 

2 

Values  were  determined  by: 

Drug  Rate  =  ratio  of  increase  in  behavioral 

Control  Rate  output. 
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It  is  apparent  from  Table  I  that,  although  the 
R*S  20  sec.  subjects  show  greater  absolute  increases  in 
response  rate  than  the  R#S  80  sec.  subjects,  relative 
increases  in  behavioral  output  are  very  similar  for  all 
subjects  regardless  of  their  respective  schedule  parameters. 

Results  of  sessions  preceeded  by  injections  of 
isotonic  saline  are  shown  in  Figure  23  and  in  representat¬ 
ive  cumulative  records  in  Figure  24.  (See  also  Table  6, 
in  appendices).  These  results  can  be  compared  with  the 
previous  data  representing  the  4,8  and  16  mg/kg  doses  of 
methylphenidate .  No  discernible  effects  of  saline  inject¬ 
ions  were  noted;  response  and  shock  rates  were  consistent 
with  the  results  obtained  under  control  conditions  without 
inj  ections . 

A  central  point  arising  from  this  first  series  of 
drug  determinations  concerns  the  variability  of  drug  ef¬ 
fects  associated  with  the  differences  in  'warm-up'  at  the 
outset  of  the  session.  Those  subjects  displaying  persist¬ 
ent  shock-elicited  responding  (eg  HF6  and  HF3)  under  con¬ 
trol  conditions,  displayed  greater  variability  in  rate 
increase  at  each  dose.  Inter-subject  differences  in  max¬ 
imal  rate  increases  at  the  three  dosages  are  evident. 

Subject  HF7  showed  a  monotonic  increase  in  rate  as  a  func¬ 
tion  of  increasing  dosage,  while  HF8,  on  the  other  hand, 
showed  a  monotonic  decrease  in  rate  as  a  function  of  in¬ 
creasing  dosage.  Subjects  HF11,  HF6  and  HF3  showed 
maximal  rate  increases  at  the  8  mg/kg  dosage  level. 
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Figure  23 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  under  isotonic  saline  conditions.  C  represents 
control  rates.  Vertical  lines  represent  the  range. 
Rats  HF11 j  HF7,  HF6 ,  HF3  and  HF8. 
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Figure  2U 

Representative  cumulative  records  showing 
control  and  saline  response  and  shock  rates.  Ind¬ 
ividual  differences  between  subjects  is  very  evi¬ 
dent.  Note  the  high  shock  frequency  of  HF6  and 
HF3.  Oblique  pips  on  records  denote  shocks.  Rats 
HF11,  HF6,  HF8  and  HF3« 
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(iii)  Paired  fixed  ratio/variable  interval 

res tabi lizat ion 

This  phase,  and  the  phase  following,  mark  proced¬ 
ural  changes  in  the  experiment.  With  the  possibility 
that  the  'warm-up’  and  drug  effects  had  been  confounded 
in  the  first  series  of  drug  determinations,  as  previous¬ 
ly  reported,  it  was  necessary  to  restabilize  behavior 
and  repeat  the  series  of  determinations  with  the  pro¬ 
cedural  modifications  outlined  in  the  Method  section. 

It  will  be  recalled  that  the  modification  of  the 
experiment  led  to  two  important  changes : 

1)  The  drug  injections  were  not  given  until 
two  4 0  minute  periods  of  control  ratio 
avoidance  had  occurred. 

2)  The  variable  interval  period  of  shock 
presentation  afforded  a  period  in  which 
each  pair  of  animals  (one,  R*S  20  sec; 
the  other  R*S  80  sec.)  received  an 
identical  frequency  and  temporal  dis¬ 
tribution  of  shocks,  irrespective  of 
differences  in  response  rate  between 
the  pair. 

Changes  in  subjects  also  occurred  during  this 
phase  (as  previously  stated  in  the  Procedure).  Rat  HF9 
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that  had  died  during  the  first  series  of  drug  determin¬ 
ations  was  replaced  by  HF4 .  Animals  HF6  and  HF3  were 
too  unstable  and  since  they  encountered  some  difficul¬ 
ties  under  drug  conditions,  were  deemed  unreliable  and 
dropped  from  the  experiment.  The  pairs  of  subjects 
became:  HF11  (R*S  20)  with  HF8  (R*S  80)  and  HF7 

(R*S  20)  with  HF4  (R*S  80).  HF11  and  HF8  completed  the 
experiment  under  fixed  ratio/variable  interval  cond¬ 
itions  and  HF7  and  HF4  completed  the  experiment  under 
variable  ratio/variable  interval  conditions.  Since  the 
variable  interval  was  operative  during  the  third  40 
minute  period,  the  results  for  the  remainder  of  the 
experiment  will  be  reported  in  terms  of  the  second, 
third  and  fourth  40  minute  periods  of  the  experimental 
session . 

Results  of  the  fixed  ratio/variable  interval  re¬ 
stabilization  are  presented  in  Figure  25.  Represent¬ 
ative  cumulative  records  of  HF11  and  HF8  are  shown  in 
Figure  26  (See  also  Table  7,  in  appendices).  The  main 
result  in  this  phase  is  that  it  was  found  possible  to 
maintain  baseline  avoidance  response  rates,  consistent 
with  those  found  under  fixed  ratio  avoidance,  by  means 
of  a  variable  interval  four  minute  (V.I.4’)  present¬ 
ation  of  unavoidable  shocks.  To  our  knowledge  this  is 
the  first  time  that  this  has  been  successfully  demon- 
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Figure  25 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  under  FR  5/VI  4  min.  control  conditions.  (Black 
indented  bars  represent  variable  interval  4  min.  shock 
presentation).  Vertical  lines  represent  the  range. 
Rats  HF11  and  HF8. 
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Figure  26 

Cumulative  records  showing  FR  5  and  VI  4  min, 
control  baselines.  Records  represent  the  3rd  and 
4th  forty  minute  periods  of  the  session.  Black 
triangles  show  2  min.  time-out  periods  between  40 
minute  running  periods.  Note  the  similarity  in  rates 
between  FR  and  VI  periods.  Oblique  pips  on  records 
denote  shocks.  Rats  HF11  and  HF8. 
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strated  over  a  prolonged  period  of  time.  Overall 
response  rates  under  the  variable  interval  condition 
were  very  similar  to  fixed  ratio  control  rates  in  both 
subjects,  although  a  greater  degree  of  variability  was 
observed  under  the  V. I .  as  compared  to  fixed  ratio  con¬ 
ditions.  Consistent  with  previous  observations,  HF8 
displayed  persistent  post-shock  bursts  of  responding 
through  the  first  period.  An  equally  interesting  observ¬ 
ation  with  HF8  is  the  different  patterns  of  shock  maintain¬ 
ing  the  avoidance  behavior.  Examining  the  cumulative 
record  of  this  subject  (Figure  26),  one  can  see  that,  under 
fixed  ratio  conditions,  shocks  rarely  occur  singly  but 
rather  in  bursts  of  two,  three  or  more.  However,  during 
the  variable  interval  period,  shocks  rarely  occur  in  bursts, 
and  are  usually  aperiodic,  yet  maintain  the  same  rate  of 
responding  as  under  the  fixed  ratio  conditions. 

A  comment  on  the  two  minute  time  out  between  the 
successive  40  minute  periods  is  appropriate  here.  Prior 
to  beginning  the  restabilization  sessions  a  matter  of 
concern  was  whether  or  not  a  'warm-up'  effect  would  be 
observed  at  the  beginning  of  each  40  minute  period  that 
had  been  preceeded  by  the  two  minute  time-out.  Visual 
inspection  of  the  cumulative  records  (Figure  26)  reveals 
that  'warm-up'  effects,  for  both  subjects,  occur  only  at 
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the  start  of  the  experimental  sessions.  The  remaining 
periods  of  the  session  preceeded  by  the  two  minute  time¬ 
out  did  not  display  characteristic  ’warm-up’  effects. 
This  is  a  particularly  important  observation  with 
respect  to  the  administration  of  the  drug  in  the  second 
series  of  determinations  immediately  following. 

( iv)  Findings  emerging  from  the  second  series  of 

drug  determinations 

Restabilization  for  both  animals,  HF11  (R*S  20") 
and  HF8  ( R*S  80”)  was  completed  successfully  within  ten 
sessions  each  of  fixed  ratio  and  variable  interval  con¬ 
ditions.  In  the  second  series  of  determinations,  to 
be  reported  below,  reference  will  be  made,  for  compar¬ 
ison,  to  the  preceeding  series  of  determinations  for 
the  same  subjects. 

Consistent  with  the  results  emerging  from  the 
first  series  of  drug  determination  is  the  overall  ob¬ 
servation  of  increased  response  rates  in  both  subjects 
over  their  respective  baseline  control  conditions. 

Figures  27,  28  and  29  show  the  results  of  four 
determinations  each  of  4 ,  8  and  12  mg/kg  under  fixed 
ratio  and  variable  interval  conditions.  (See  also 
Tables  8,  9  and  10,  in  appendices).  Representative 
cumulative  records  of  the  performances  of  HF11  and 
HF8  are  shown  in  Figures  30,  31  and  32. 
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Figure  27 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  4  mg/kg  dose  level.  (Black  indented  bars  repre¬ 
sent  variable  interval  4  min.  shock  presentation). 
Vertical  lines  represent  the  range.  Rats  HF11  and 
HF8. 
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Figure  28 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  8  mg/kg  dose  level.  (Black  indented  bars  repre¬ 
sent  variable  interval  4  min.  shock  presentation). 
Vertical  lines  represent  the  range.  Rats  HF11  and 
HF8 . 
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Figure  29 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  12  mg/kg  dose  level.  (Black  indented  bars  rep¬ 
resent  variable  interval  4  min.  shock  presentation). 
Vertical  lines  represent  the  range.  Rats  HF11  and 
HF8. 
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Overall  rate  Increases  at  the  4  mg/kg  dose  level 
in  HF11  under  fixed  ratio  conditions  are  very  similar  to 
those  found  in  the  first  series  but  have  a  greater  range 
over  four  determinations.  Variable  interval  results  were 
consistent  with  respect  to  overall  rate  increases,  however, 
the  range  was  considerably  smaller  for  the  four  determin¬ 
ations  administered. 

Rat  HF8 ,  as  compared  to  HF11,  displayed  an  overall 
higher  rate  of  responding  than  in  the  first  series  with 
the  4  mg/kg  dosage  throughout  the  second  series,  under 
both  fixed  ratio  and  variable  interval  conditions.  Under 
fixed  ratio  conditions  HF8  shows  a  slightly  reduced  range, 
while  under  variable  interval  conditions  the  range,  for 
four  determinations  is  increased.  This  is  just  the  re¬ 
verse  of  that  observed  for  HF11. 

Results  of  the  8  mg/kg  determinations  differ  for 
HF11  and  HF8.  At  this  dosage  HF11  shows  the  largest 
increments  in  overall  response  rates  under  both  the 
fixed  ratio  and  variable  interval  conditions.  These 
rates  are  slightly  increased  over  those  observed  in  the 
first  series.  Rat  HF8,  however,  shows  the  largest 
increments  in  response  rate  under  the  variable  interval 
condition  only.  Under  fixed  ratio  conditions  the  over¬ 
all  response  rate  was  decreased  from  that  observed  at 
the  4  mg/kg  dose  level.  The  average  shocks  and  the  range 
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of  shocks  per  40  minute  period,  under  the  8  mg/kg  drug 
conditions,  are  considerably  less  in  the  second  series 
for  HF8.  Overall  drug-rate  increases  for  both  subjects, 
persisted  into  the  fourth  period  of  the  session. 

The  12  mg/kg  dose,  induced  lower  overall  response 
rates  in  HF11  and  HF8,  than  the  8  mg/kg  dose  level. 

For  HF11,  under  fixed  ratio  and  variable  interval  cond¬ 
itions,  the  overall  response  rates  were  slightly  de¬ 
creased  from  those  observed  with  the  16  mg/kg  dosage  of 
the  first  series,  as  would  be  expected.  This  was  not 
true  for  HF8.  Rat  HF8  displayed  an  overall  higher  re¬ 
sponse  rate  with  the  12  mg/'kg  dosage  than  that  obtained 
with  the  16  mg/kg  dosage  in  the  first  series  of  determin¬ 
ations.  Average  shocks  during  the  second  series  drug 
phase  under  FR  conditions,  are  somewhat  reduced  from 
those  of  the  first  series  with  a  considerably  smaller 
range.  Largest  increases  in  response  rate,  under  fixed 
ratio  and  V.I.  condition,  were  observed  during  the  fourth 
forty  minute  period  for  HF8 .  This  is  contrary  to  the 
4  mg/kg  doses  and  8  mg/kg  doses  where  maximum  rate 
increases  occur  in  the  third  period,  immediately  fol¬ 
lowing  the  administration  of  the  drug. 

Overall  rate  increases,  for  both  subjects,  lasted 
into  the  fifth  period  of  the  session  at  the  12  mg/kg 


dose  level. 
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Figure  30 

Cumulative  records  showing  the  results  of  the 
administration  of  methy lphenidate  at  the  4  mg/kg 
dose  level  on  FR  5  and  VI  4  min.  baselines.  Arrows 
show  point  at  which  injections  (i.p.)  were  given. 
Records  show  3rd  and  4th  forty  minute  periods  of  the 
session.  Oblique  pips  on  records  denote  shocks. 

Rats  HF11  and  HF8.  (Note  the  absence  of  shock 
clusters  following  drug  administration.  Compare 
with  Figures  18,  20  and  22). 
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Figure  31 

Cumulative  records  showing  the  results  of  the 
administration  of  methy lphenidate  at  the  8  mg/kg 
dose  level  on  FR  5  and  VI  4  min.  baselines.  Arrows 
show  points  of  injections.  Records  show  3rd  and  4th 
forty  minute  periods  of  the  session.  Oblique  pips 
denote  shocks.  Rats  HF11  and  HF8. 
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Figure  32 

Cumulative  records  showing  the  results  of  the 
administration  of  methy lphenidate  at  the  12  mg/kg 
dose  level  on  FR  5  and  VI  4  min.  baselines.  Arrows 
show  points  of  injections.  Records  show  3rd  and  4th 
forty  minute  periods  of  the  session.  Oblique  pips 
denote  shocks.  Rats  HF11  and  HF8. 
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Figure  33 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  under  isotonic  saline  conditions.  (Black  in¬ 
dented  bars  represent  variable  interval  4  minute 
shock  presentation) .  Vertical  lines  represent  the 
range.  Rats  HF11  and  HF8. 
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Figure  34 

Representative  cumulative  records  showing 
results  of  administration  of  isotonic  saline 
solution.  Arrows  show  point  of  injection.  Records 
represent  the  3rd  and  4th  forty  minute  periods  of 
the  session.  Oblique  pips  on  records  denote  shocks. 
Rats  HF11  and  HF8. 
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Results  of  Injections  of  isotonic  saline  solution 
(Figures  33  and  34,  see  also  Table  11,  in  appendices) 
were  consistent  with  overall  response  rates  observed 
under  fixed  ratio  and  variable  interval  control  con¬ 
ditions  . 


Dose-effect  curves  for  HF11  and  HF8  are  shown 
in  Figure  34A.  Both  subjects  show  similar  drug-induced 
effects  under  both  FR  and  VI  conditions.  Absolute  rate 
increases  are  greater  for  HF11,  but  in  terms  of  the 
relative  behavioral  output  over  baseline  control  conditions 
(Figure  34B,  and  Table  II)  subject  HF8,  the  low  rate 
animal,  shows  a  greater  Increase. 


Figure  34A.  The  effects  of  methylphenidat e  on  rate  of 
responding  on  FR  5  (solid  line)  and  VI  4’  shock  presenta¬ 
tion  (dotted  line).  The  points  above  "C"  show  the 
non-injection  control  rates.  The  points  above  "S"  show 
the  rate  after  saline  injections.  The  points  for  each 
dosage  are  the  mean  of  four  observations.  Data  represents 
the  third  period  of  the  experimental  session. 
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Maximum  rate  increasing  effects  appear  at  the 
8  mg/kg  dose  level,  with  the  exception  of  HF8,  which 
shows  maximum  effects  under  FR  conditions  occurring 
at  the  4  mg/'kg  dose  level . 


TABLE  II 


Sub j  ect s 

4  mg/kg 

8  mg/kg 

12  mg/kg 
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Figure  34b.  Relative  ratio  increases  in  behavioral 
output  over  baseline  control  rates  in  the  individual 
subjects  HF8  (dotted  line)  and  HF11  ( solid. line) . 
Points  represent  the  mean  of  four  observations  divided 
by  their  respective  baseline  control  rates. 
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In  summary,  the  results  of  the  second  series  of 
drug  tests  were  found  to  be  very  similar  for  a  given 
animal  on  both  FR  5  avoidance  behavior  and  on  behavior 
maintained  by  variable  interval  presentation  of  unavoid¬ 
able  shocks,  ie. ,  when  shock  frequency  was  common  to 
both  animals  of  the  R#S  20  sec.  -  R*S  80  sec.  pair. 

This  similarity  in  effect  was  observed  for  all  three 
(4,  8  and  12  mg/kg)  of  the  doses  administered. 
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Figure  39 

Representative  cumulative  records  showing 
transition  from  FR  5  to  VR  5  avoidance  baselines. 
Records  show  the  third  40  min.  period  of  the  ex¬ 
perimental  session.  Oblique  pips  denote  shocks. 
Note  the  reduction  in  shock  frequency  in  Rat  HF4 
on  VR  5  baseline;  reduction  in  response  rates  under 
VR  5  and  VI  2  min.  conditions  is  also  evident. 

Rats  HF7  and  HF9. 
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(v)  Paired  variable  ratio/variable  interval 


rest ab ill z at ion 

At  the  start  of  the  second  series  of  drug  deter¬ 
minations  one  pair  of  subjects  ( HF7  and  HF4 )  showed 
appreciable  instability  in  their  fixed  ratio  avoidance 
baselines o  Examination  of  the  cumulative  records  in 
Figure  35  reveals  an  increasing  tendency  toward  shock- 
elicited  responding  throughout  the  experimental  session 
This  is  particularly  evident  in  the  records  of  animal 
HF4.  Rat  HF4,  under  the  R*S  80  sec.  parameter,  prim¬ 
arily  displayed  shock-elicited  responding,  that  is 
rather  than  responding  continuously  during  the  response 
shock  interval  to  delay  shock,  the  animal  customarily 
escaped  from  consecutive  shock  deliveries  programmed 
by  the  shock-shock  intervale  This  characteristic  of 
performance  was  accentuated  by  the  FR  requirement.  If 
the  animal  did  not  emit  the  ratio  requirement  during 
the  80  second  R*S  interval,  a  shock  occurs  which  resets 
the  FR  requirement  to  five.  Thus,  the  animal  must 
satisfy  the  ratio  requirement  within  the  5  second  S*S 
interval  in  order  to  terminate  the  shocks.  Under 
these  conditons  shock,  rather  than  being  supportive  to 
avoidance  responding,  takes  on  the  aversive  character¬ 
istics  of  a  punishing  stimulus,  producing  a  deterior¬ 
ation  in  responding.  Figure  36  amply  testifies  to  the 
difficulties  encountered  by  the  R*S  80  sec.  animal,  HF4 
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Figure  36 


Overall  response  rate 
shocks  per  40  minute  period 
the  experimental  session  for 
sessions  and  10  consecutive 


per  minute  and  average 
for  the  third  period  of 
20  consecutive  FR/VI 
VR/VI  sessions.  Rat 
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Figure  37 

Overall  response  rate  per  minute  and  average 
shocks  per  ^0  minute  period  for  the  third  period  of 
the  experimental  session  for  20  consecutive  FR/VI 
sessions  and  10  consecutive  VR/VI  sessions.  Rat 
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on  the  PR  schedule.  Particularly  evident  is  the 
stable  pattern  of  responding,  (last  10  sessions  in 
Figure  36),  and  the  large  reduction  in  shock  rate  per 
40  minute  period  (last  10  sessions  in  Figure  36)  emerging 
under  the  variable  rat io/variable  interval  conditions. 

Rat  HF7  on  the  R*S  20  sec.  parameter  did  not  encounter 
this  problem  to  the  same  degree  (Figure  37). 

For  this  pair  of  animals,  then,  a  further  procedural 
modification  was  made,  in  order  to  reestablish  an  avoid¬ 
ance  baseline.  The  schedule  parameters  remained  the  same 
for  both  animals  while  the  number  of  responses . required 
to  avoid  shock  was  changed  to  a  modified  variable  ratio 
of  five  responses.  Under  this  condition  the  subjects 
were  required  to  make,  on  average,  five  responses  to  avoid 
shock.  Results  of  the  restabilization  under  this  cond¬ 
ition  are  shown  in  Figure  38,  Rat  HF4  now  displays  a 
lower  overall  rate  of  responding  and  a  much  lower  shock 
frequency.  Overall  rate  of  responding  is  slightly  de¬ 
creased  for  HF7  over  baseline  response  rates  engendered 
by  the  FR  5  condition.  Baseline  shock  rates,  however, 
are  increased  over  those  observed  under  the  FR  5 
condition.  (See  Table  12,  in  appendices).  Results  of 
the  variable  interval  period  are  similar  to  those  ob¬ 
served  during  the  variable  ratio  periods  for  both  sub- 
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Figure  38 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  under  VR  5/VI  2  min.  control  conditions.  (Black 
indented  bars  represent  variable  interval  2  min.  shock 
presentation).  Vertical  lines  represent  the  range. 
Rats  HF7  and  HF4. 
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Figure  39 

Representative  cumulative  records  showing 
VR  5  and  VI  2  min.  control  baselines.  Note  the 
similarity  in  response  and  shock  rates  between 
VR  and  VI  periods.  Oblique  pips  on  the  records 
denote  shocks.  Records  represent  3rd  and  4th  forty 
minute  periods  of  the  session.  Rats  HF7  and  HF4. 
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jects  (Figure  39)°  Overall  response  rates  per  minute 
were  decreased  as  compared  to  HF11  and  HF8  while  the 
average  number  of  shocks  per  40  minute  period  were  con¬ 
siderably  increased  as  compared  to  the  fixed  ratio  pair. 
Overall  shock  frequency,  under  variable  ratio  conditions, 
was  very  similar  for  rats  HF7  and  HF4 . 

Restabilization,  under  variable  ratio/variable 
interval  conditions,  was  obtained  within  ten  experiment¬ 
al  sessions. 

Throughout  this  phase  of  the  experiment  HF7  and 
HF4  maintained  very  stable  baseline  response  rates 
under  control  conditions,  however,  shock  frequency 
fluctuated  over  a  sizeable  range.  This  was  especially 
true  in  the  case  of  HF4  (Figure  39)° 

( vi )  Findings  emerging  from  the  third  series  of 
drug  determinations 

Results  of  the  4,  8  and  .12  mg./kg  determinations 
are  shown  in  Figures  40,  4.1  and  42  respectively.  (See 
also  Tables  13,  14  and  15,  in  appendices).  Representative 
cumulative  records  are  presented  in  Figures  43,  44  and  45- 

Under  variable  ratio  conditions  Rat  HF7  displayed 
a  monotonic  increase  in  baseline  response  rate  (over 
control  rates)  as  a  function  of  the  increase  in  the  size 
of  the  dose  of  methylphenidat e  administered.  Baseline 
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Figure  40 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shocks  per  90  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  ^4  mg/kg  dose  level.  (Black  indented  bars  rep¬ 
resent  variable  interval  2  min.  shock  presentation). 
Vertical  lines  represent  the  range.  Rats  HF7  and 
HF4 . 
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Figure 

Overall  response  rate  per  minute  (closed  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  8  mg/kg  dose  level.  (Black  indented  bars  rep¬ 
resent  variable  interval  2  min.  shock  presentation). 
Vertical  lines  represent  the  range.  Rats  HF7  and 
HF4. 
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Figure  42 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  for  four  determinations  of  methy lphenidate  at 
the  12  mg/kg  dose  level.  (Black  indented  bars  rep¬ 
resent  variable  interval  shock  presentation).  Verti¬ 
cal  lines  represent  the  range.  Rats  HF7  and  HF4  . 
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shock  rates,  under  drug  conditions  (3rd  apd  4th  40  min¬ 
ute  periods  are  consistently  reduced  from  shock  rates 
observed  under  control  conditions.  Variable  interval 
results  are  quite  different.  Under  V.I.  control  con¬ 
ditions  HF7  showed  a  slight  overall  tendency  to  a  de¬ 
crease  (from  FR  control  RPM)  in  baseline  response  rates 
(See  Figure  38)=,  This  decrease  was  enhanced  at  the  4  mg/kg 
dose  level.  (See  Figure  40).  Overall  rate  of  responding 
dropped  to  the  order  of  one  half  that  observed  under 
control  conditions.  Shock  frequency,  under  VR  conditions 
at  4  mg/kg  is  approximately  one  third  that  observed 
during  the  control  VR  period  and  the  4  mg/kg  VI  period, 
which  is  of  course,  the  same  as  during  the  control  period. 
Under  VR  conditions  the  8  and  12  mg/kg  are  very  similar 
differing  essentially  in  the  greater  duration  of  the 
12  mg/kg  effect.  Largest  increments  in  response  rates 
and  least  variability  under  V.I.  conditions  were  produced 
by  the  8  mg/kg  dose  level.  (See  Figure  4l).  Overall 
rate  increases  at  the  12  mg/kg  dose  level  were  moderate 
to  near  control  rates  showing  considerable  range  during 
V.I.  periods. 

Rat  HF4,  on  the  other  hand,  displayed  moderate  rate 
increases,  relative  to  control  rates,  engendered  by  each 
dosage.  Consistent  with  those  findings  emerging  from  HF7 , 
under  V.R.  conditions,  HF4  shows  an  overall  monotonic 
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increase  in  baseline  response  rate  as  a  function  of 
increasing  dosage.  Variability,  as  seen  in  the  ranges, 
also  increases  with  increasing  dosage.  This  trend  is 
reversed  under  V.I.  conditions  as  far  as  overall  rate 
increases  are  concerned.  Largest  overall  increments 
in  response  rates  are  engendered  by  the  4  mg/kg  dose, 
thereafter,  decreasing  as  a  function  of  increasing  dosage. 
Greater  variability  is  observed  at  the  12  mg/kg  dosage  as 
compared  with  the  4  mg./kg  dosage. 

Another  observation  from  HF4,  differing  from  HF7, 
relates  to  the  duration  of  drug  effects.  Drug-induced 
rate  increases  for  HF4  did  not  persist  as  a  function 
of  the  dose  giA/en  under  either  the  variable  ratio  or 
variable  interval  sessions.  Overall  response  rates  per 
minute  and  average  shock  rates  during  the  fourth  period 
of  both  VR  and  VI  drug  sessions  are  almost  identical  for 
all  three  dosages  administered. 

Dose-effect  curves  for  HF7  and  HF4  are  shown  in 
Figure  45A.  Subject  HF7  shows  somewhat  different  effects 
of  the  drug  at  doses  of  4  and  12  mg/kg  as  a  function  of 
the  VR  or  VI  conditions.  Subject  HF4,  on  the  other  hand, 
displays  consistent  dose  effect  relationships  under  both 
VR  and  VI  conditions. 

Relative  ratio  increases  in  behavioral  output  (See 
Table  III  and  Figure  45B)  are  very  similar  for  both  sub- 
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Figure  43 

Representative  cumulative  records  showing 
the  results  of  administration  of  methy lphenidate 
at  the  4  mg/kg  dose  level.  Small  arrows  show  points 
of  injection,  Large  arrow  shows  suppression  of  re¬ 
sponding  during  VI  period.  Oblique  pips  on  records 
denote  shocks.  Records  represent  3nd  and  4th  forty 
minute  periods  of  the  session.  Rats  HF7  and  HF4. 
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Figure  44 

Representative  cumulative  records  showing 
the  results  of  administration  of  methy lphenidate 
at  the  8  mg/kg  dose  level.  Arrows  show  points  of 
injection.  Oblique  pips  on  records  denote  shocks. 
Records  represent  the  3rd  and  4th  forty  minute 
periods  of  the  sessions.  Rats  HF7  and  HF4 . 
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Figure  45 

Representative  cumulative  records  showing 
the  results  of  administration  of  methy lphenidate 
at  the  12  mg/kg  dose  level.  Small  arrows  show 
points  of  injection.  Large  arrow  shows  tendency 
to  response  suppression.  Oblique  pips  on  records 
denote  shocks.  Records  represent  the  3rd  and  4th 
forty  minute  periods  of  the  session.  Rats  HF7 
and  HF4o 
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Figure  46 

Overall  response  rate  per  minute  (solid  bars) 
and  average  shock  rate  per  40  minute  period  (indented 
bars)  under  saline  conditions.  (Black  indented  bars 
represent  variable  interval  2  min.  shock  presentation. 
Vertical  lines  represent  the  range.  Rats  HF7  and 
HF4. 
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Figure  47 

Cumulative  records  showing 
administration  of  isotonic  saline 
Arrows  show  points  of  injections. 


the  results  of 
solution . 
Oblique  pips 


on  records  denote  shocks.  Records  represent  the 
3rd  and  4th  forty  minute  periods  of  the  session, 
Rats  HF7  and  HF4. 
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jects  with  the  exception  of  the  4  mg/kg  dose  under 


Dose  in  mg/kg 

Figure  45A.  The  effects  of  met hy Iphenidat e  on  rate  of  res¬ 
ponding  on  VR  (Solid  line)  and  VI  2'  shock  presentation 
(dotted  line).  The  points  above  "C"  show  the  non-injection 
control  rates o  The  points  above  "S"  show  the  rate  after 
saline  conditions .  The  points  for  each  dosage  are  the  mean 
of  four  observations .  Data  represents  the  third  period  of 
the  experimental  session. 

V.I.  conditions.  There  is  a  very  slight  relative  decrease 
in  the  R*S  20  sec.  subject  HF'7 . 

Response  rates  engendered  by  control  and  saline 
conditions  were  very  similar  during  VR  and  VI  periods , 
with  the  exception  of  HF7  who  showed  a  slight  decrease 
In  response  rate  under  the  VI  saline  conditions.  (See 
Figure  46  and  cumulative  records  in  Figure  47;  see  also 
Table  16,  in  appendices). 

The  following  points  summarize  the  main  findings  of 
the  third  series  of  drug  tests: 
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1.  The  R*S  20  animal  (HF7 )  displayed  moderate  mono¬ 
tonic  rate  increases  as  a  function  of  the  increase  in 
dosage  under  VR  5  conditions. 

2.  HF7  did  not  show  a  monotonic  drug  effect  under 
variable  interval  shock  presentation.  This  is  particularly 
evident  in  the  low  response  rate  at  the  4  mg/kg  dosage. 

3.  The  R*S  80  animal  ( HF4 )  displayed  small  monotonic 
rate  increases  as  a  function  of  the  increase  in  dosage 


TABLE  III 


Sub j  ect s 

4  mg/kg 

8  mg./  kg 

12  mg/kg 

HF  7  R*S  20  VR 

i — i 

VD 

2 . 96 

^3“ 

O 

on 

HF  4  R*S  80  VR 

ro 

o 

o 

o 

o 

o 

C\] 

2.40  ' 

HF  7  R*S  20  VI 

0 . 54 

l>J 

co 

oo 

2 . 27 

HF  4  R*S  80  VI 

2.40 

2 . 27 

2 . 14 

Figure  45B.  Relative  ratio  increases  in  behavioral  output 
over  baseline  control  rates  in  the  individual  subjects. 

HF4  (dotted  line)  and  HF  7  (solid  line).  Points  represent 
the  mean  of  four  observations  divided  by  their  respective 
baseline  rates. 
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under  VR  5  conditions. 

4.  Under  variable  interval  shock  presentation  HF4 
showed  small  monotonic  rate  decreases  as  a  function  of 
the  increase  in  dosage. 

5°  Under  both  VR  5  and  V.I.  shock  presentations 
duration  of  drug  effects,  dependent  upon  the  dose  given, 
was  not  observed  for  the  R*S  80  sec.  animal,  HF4 . 

6.  HF7  and  HF4,  who  both  received  frequent  shocks 
under  control  conditions,  did  not,  generally,  show  the 
same  degree  of  drug-induced  response  rate  increases  as 
HF11  and  HF8  did  in  the  second  series  of  drug  tests. 

Shock-rate/drug-rate  effects 

When  consideration  is  given  to  control  shock  rates 
and  the  respective  drug-induced  rate  changes  in  the  indiv¬ 
idual  subjects  two  trends  were  noted  comparing  the  HF11- 
HF8  pair  with  the  HF7-HF4  pair.  First,  those  subjects 
receiving  few  shocks  under  control  conditions  (HF11  and 
HF8  on  FR  5)  show,  in  most  instances,  greater  ranges  in 
their  drug-induced  response  rates,  as  compared  to  those 
subjects  (HF7  and  HF4  on  VR  5)  who  receive  many  shocks 
under  control  conditions  (See  Table  IV).  Second,  with 
one  exception  (HF7,  12  mg/kg  on  VR  5 ) ,  a  comparison  of 
subjects  in  the  same  R*S  condition  but  categorized  as  a 
"high"  or  "low"  shock-rate  subject  showed  that  the  "low" 
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shock-rate  animal  had  a  greater  increase  in  response  rate 
at  each  drug  dose  than  the  "high"  shock-rate  animal  (i.e., 
HF7  vs  HF11  and  HF4  vs  HF8;  see  Table  V)  . 


TABLE  IV 


Contro. 

Response  Rate  Ranges 

Sub  j  ect 

Average 

Shocks 

Control 

4  mg/kg 

8  mg/kg 

12  mg/kg 

Series  2 

FR 

VI 

FR 

VI 

FR 

VI 

FR 

VI 

HF11R*S20 

—j 

O 

o 

8 

14 

50 

16 

30 

34 

39 

59 

HF  8R*S80 

13-50 

2 

6 

18 

24 

15 

33 

12 

25 

Series  3 

VR 

VI 

VR 

VI 

VR 

VI 

VR 

VI 

HF7  R*S20 

19.50 

4 

10 

24 

21 

40 

3 

3 

43 

HF4  R*S80 

27.25 

Ul 

3 

6 

5 

11 

8 

15 

11 

TABLE  V 


Sub j  ect 

RPM 

Rpr 

4* 

Series  2 

Control. 

4  mg/kg 

8  mg./ kg 

12  mg/kg 

HF  11  FR 

C\J 

1 — 1 

0 

CM 

on 

55.45 

: 

VO 

^r 

on 

oo 

79.90 

VI 

360  1.6 

52.16 

92.69 

76 . 69 

W 

00 

SJ 

7.98 

36.68 

33.89 

27.39 

VI 

7,80 

32.88 

42 . 10 

28.51 

Series  3 

HF  7  VR 

27.49 

52.68 

79.74 

8l.54 

VI 

26.19 

13.69 

74.51 

i 

1 — 1 
CM 

CT\ 

L O 

HF  4  VR 

4.93 

9.84 

10.48 

11.85 

VI 

5.H 

12.13 

11.34 

10.72 

^Overall  RPM  for  four  determinations . 
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DISCUSSION 

The  present  study  has  represented  a  preliminary 
attempt  to  investigate  the  possible  generalization  of  a 
proposal  based. upon  positive  reinforcement,  and  to  more 
explicitly  deal. with  the  role  of  shock  frequency  as  a 
possibly  significant  determinant  of  drug-rate  interaction 
effects.  If  the  original  plan  of  the  experiment  could 
have  been  carried  to  completion  without  the  pitfalls  of 
schedule  parameter  changes,  and  the  loss  of  valuable  ex¬ 
perimental  subjects,  a  less  complex  and  perhaps  more 
comprehensive  compilation  of  data  would  have  been  obtained. 
Rather  than  interpreting  the  results  of  six  subjects 
under  the  same  environmental  conditions  we  have  had  to  re¬ 
sort  to  interpretations  of  the  effects  of  the  drug  under 
different  environmental  contingencies  for  each  experimental 
subject;  this  has  resulted  in  complex  and  often  difficult 
interpretations  of  the  net  behavioral  changes  observed 
under  the  drug  conditions.  Generalizations  and  conclusions 
drawn  on  the  basis  of  the  present  study  are  done  so  hes¬ 
itantly  and  with  reserve.  Much  more  experimentation  is 
necessary  to  extend  explicitly,  and  to  clarify  the  basic 
considerations  that  have  been  investigated  herein. 

A  primary  consideration  that  we  have  attempted  to 
deal  with  was  the  proposal  based  upon  the  results  of  pre¬ 
vious  experimentation  of  Dews’  (1958  a  and  b).  Dews, 
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using  positiA/e  reinforcement,  proposed  that  the  behavioral 
effects  of  drugs  such  as  the  amphetamines  are  determined 
largely  by  the  pre-drug  frequency ' of "the  response  being 
studied.  If  the  response  "rat e~ is  low,  such  drugs  increase 
the  rate  (Sidman,  1956;  Morse  and  Herrnstein,  1956; 

Schuster  and  Zimmerman,  1961;  Kelleher,  Fry,  Deegan,  and 
Cook,  1961;  Zimmerman  and  Schuster  1962;  Smith  1964); 
but  when  responses  under  control  conditions  occur  frequent¬ 
ly,  amphetamine  decreases  the" overall  rate  (Owen,  I960; 
Kelleher  et  al.,  1961;  Rutledge  and  Kelleher,  1965).  This 
proposal  acted  as  the  basis  for  two  of  the  central  problems 
investigated  in  the  present  study:  a)  does  methy lphenidate 
exert  similar  effects  as  those  observed  with  the  ampheta¬ 
mines,  and  b)  does  Dews’  drug-rate  hypothesis  hold  for  the 
aversive  case  such  as  free  operant  avoidance? 

In  his  1958  (b)  study.  Dews ’  in  summary,  had  suggest¬ 
ed  that:  "The  number  of 'responses  made  by  pigeons  in  a 
fixed  period  of  time  is  greatly  increased  by  methamphetamine , 
when  the  birds  are  working  under  certain  schedules  (15’  F.I. 
and  F.R.  900);  but  it  is  only  slightly  increased  when  they 
are  working  under  other  schedules  (1’  V.I.  and  F.R.  50). 

It  is  suggested  that,  in  appropriate  doses,  methamphetamine 
tends  to  reduce  the  number  and  length  of  the  inter-response 
times  in  excess  of  5  seconds  but  that  rather  larger  doses 
also  tend  to  prolong  inter-response  times  shorter  than  one 
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second.  Some  similar  effects  were  obtained  with  d-amphet- 
amine  and  pipradrol,"  (P.  1 4 7 ) . 

The  15'  F.I.  and  F.R.  900  schedules  engendered  low 
rates  of  responding  while  the  1’  V.I.  and  P.R.  50  schedules 
engendered  high  rates  of  responding  under  control  conditions. 
It  should  be  noted  that,  as  Dews  has  mentioned,  overall 
rate  increases  were  observed  in  both  high  and  low  rate 
subjects,  but  that  relative  to  their  control  rates  the  low 
rate  animals  increased  their  behavioral  output  to  a  greater 
degree  than  the  high  rate  animals  under  drug  conditions. 

In  the  present  study  high  and  low  rates  of  respond¬ 
ing  (See  footnote  8  p.42)  were  established  by  manipulating 
the  response-shock  interval.  Those  subjects  remaining  on 
the  R*S  20  sec,  parameter  maintained  high  rates  of  respond¬ 
ing  relative  to  the  low  rates  engendered  by  the  R*S  80  sec. 
sub j  ect  s  , 

Using  graded  doses  of  methylphenidat e  we  found  that, 
when  considering  overall  drug-induced  increases  in  respond¬ 
ing,  our  results  were  consistent  with  those  observations 
of  Verhave  (1958)  and  Teitelbaum  and  Derks  (1958).  The 
authors.  In  these  studies,  found  that  when  training  in  an 
avoidance  situation  had  led  to  a  substantial  tendency  to 
respond,  the  effects  of  the  amphetamines  became  consistent 
in  producing  an  increase  in  rate.  The  overall  pattern 
emerging  from  our  results  is  that  most  subjects  showed  a 
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substantial  tendency  to  an  increase  in  response  rates 
under  all  drug  conditions.  (See  Tables  I,  II  and  III  in 
the  Result  Section) .  Exceptions  to  this  are  HF3  in  the 
first  series  of  tests  at  4  mg/kg  (Table  I)  and  HF7  in  the 
third  series  at  4  mg/kg  under  VI  conditions  (Table  III). 

The  first  and  third  series  results  under  FR  and  VR  condit¬ 
ions  respectively,  show  that  relative  drug-induced  incre¬ 
ments  in  responding  favor  the  high  rate  R*S  20  sec.  subjects 
to  a  slight  degree  at  the  8,  12,  and  16  mg/kg  dose  levels. 

It  would  appear,  that  for  these  series.  Dews'  proposal  is 
not  applicable,  (with  the  exception  of  HF4  at  the  4  mg/kg 
level).  However,  the  second  series  is  quite  different. 

Under  FR  conditions  the  low  rate  R*S  80  subject  HF8  shows 
the  largest  degree  of  relative  behavioral  output  at  all 
three  dosages  administered.  (See  Table  II  and  Figure  34B) . 
This  is  the  result  we  would  expect  to  find  under  Dew's 
proposal.  Even  this  partial  verification  of  the  proposal 
is  uncertain,  however,  because  unlike  Dews'  reinforcement 
schedules  the  presentation  of  the  reinforcing  stimuli 
(shocks)  is  not  adequately  controlled  for  unde’r  FR  avoid¬ 
ance  parameters.  Control  over  the  frequency  of  the  rein¬ 
forcing  stimuli  was  obtained  in  the  present  study,  by  means 
of  the  variable  interval  presentation  of  unavoidable  shock 
common  to  both  subjects  of  the  R*S  20  -  R*S  80  pair. 
Administration  of  the  drug  upon  the  VI  baselines  resulted 
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in  relative  rate  increases  to  a  greater  degree  in  the  R*S 
80  sec.  subject  HF8,  as  compared  with  the  R*S  20  sec. 
subject  HF11;  this  would  offer  strong  support  for  Dews' 
proposal.  Similar  relationships  are  not  found  in  the  VI 
condition  results  of  HF7  and  HF4  under  the  VR/VI  conditions 
except  the  4  mg/kg  dose  level. 

Suppression  of  rate  of  avoidance  responding  for 
HF7  under  4  mg/kg  variable  interval  conditions  is  of 
interest  (See  Figures  40  and  43).  Although  this  subject 
maintained  a  stable  baseline  under  control  conditions, 
it  would  appear  at  the  lowest  dose  level  given,  that  a 
facilitated  discrimination  may  have  occurred,  as  has  been 
suggested  by  Sidman  (.1966): 

"The  effect  of  the  free  shock  in  keeping 
the  animal  pressing  the  lever  even  after  it 
is  no  longer  possible  to  avoid  shock  may  be 
attributed  to  the  function  of  the  free  shock 
in  creating  a  spurious  response-shock  inter¬ 
val.  It  may  also  be  attributed  to  the  role 
of  the  shock  as  a  discriminative  stimulus. 

Until  the  animal  learns  that  the  shocks  are 
actually  unavoidable,  the  shocks  continue  to 
serve  as  stimuli  which  "tell"  the  animal  that 
it  is  in  an  avoidance  situation.  As  long  as 


the  shock  continues  to  serve  either  or  both 
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of  these  functions,  the  animal  will  continue 
to  press  the  lever,  as  if  avoidance  were 
still  possible o  When  the  animal  does  learn 
that  the  shocks  are  in  fact  unavoidable, 
the  shocks  take  on  the  opposite  function; 
they  then  indicate  to  the  animal  that  the 
situation  is  one  in  which  avoidance  is  im¬ 
possible.  Once  the  shock  has  acquired  this 
type  of  discriminative  function,  it  may  be 
extremely  difficult,  if  not  impossible,  to 
recondition  the  animal's  avoidance  response" 

(p.  492)o 

The  role  of  shock  frequency  as  a  significant  deter¬ 
minant  of  drug-rate  interaction  effects  is  still  not  clear. 
The  subjects  in  the  second  series  of  drug  tests  (HP11  and 
HF8)  who  had  relatively  few  shocks  under  control  condit¬ 
ions,  showed  in  most  instances,  greater  ranges  and  larger 

overall  drug-induced  rate  increases  than  did  those  subjects 

1 

in  the  third  series  (HF7  and  HF4)  who  took  more  shocks 
under  control  conditions  and  who  displayed  lesser  drug- 
induced  rate  changes  with  smaller  ranges.  (See  Tables  IV 
and  V) .  The  differences  found  between  the  second  and  third 
1 

This  comparison  applies  only  with  respect  to  subjects  of 
the  same  R*S  condition:  eg.  HF11  vs  HF7  (R#S  20)  and  HF8 
vs  HF4  (R*S  80) . 
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series,  with  respect  to  shock  frequency,  are  not  strictly 
comparable .  Most  obvious  is  the  fact  that  there  were 
schedule  differences  resulting  from  procedure  modifications. 
In  the  second  series,  the  subjects  were  run  under  FR  5 
baselines  with  a  VI  4 ’  presentation  of  common  shock;  the 
third  series  animals  were  run,  however,  under  VR  5  baseline 
with  a  VI  2'  presentation  of  common  shocks.  Inter-pair 
differences  then  cannot  really  be  compared  on  the  basis  of 
shock  frequency.  With  respect  to  the  first  series,  inter¬ 
subject  differences  in  baseline  shock  frequency  and  rel¬ 
ative  drug-induced  rate  changes  are  not  reliable  due  to  the 
confounding  of  first  period  drug-induced  rate  changes  and 
warm-up  effects.  With  this  perspective  it  is  apparent  that 
the  present  study  did  not  successfully  clarify  the  role  of 
shock  frequency  as  a  significant  determinant  of  drug-rate 
interaction  effects. 

Some  subjects  (HF3  and  HF9)  under  R#S  80  sec.  par¬ 
ameters  came  to  encounter  serious  difficulties  with  the 
FR  5  requirement.  When  the  drug  was  administered  prior  to 
the  experimental  session,  as  in  the  first  series,  these 
subjects  encountered  increasing  difficulties  getting  out 
of  the  shock-shock  interval;  the  result  was  the  death  of 
one  subject  (HF9)  and  the  collapse  of  another  (HF3).  In 
the  second  series  two  more  subjects  (HF7,  R*S  20  sec.  and 
HF4,  R*S  80  sec.)  showed  increasing  baseline  instability. 
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This  was  accentuated  in  the  R*S  80  sec.  subject  (HF4)  who 
could  not  meet  the  FR  5  requirement  within  the  R*S  interval 
and  who,  if  we  had  not  slackened  the  requirement  to  VR  5* 
probably  would  have  died,  under  further  drug  administration. 
Changing  the  parameters  for  these  two  subjects  resulted  in 
maintaining  baseline  performance  for  continuing  drug  tests. 
This  change  left  only  a  single  R*S  80  sec.  subject  (HF8) 
under  the  original  conditions  (FR5)  of  the  study.  We  ob¬ 
served  then  that  a  minor  scheduling  change  (FR5  to  VR5)  re¬ 
sulted  in  a  major  drug-behavior  change  in  that  under  the 
VR5  condition  HF4  was  enabled  to  carry  on  through  a  complete 
series  of  drug  determinations  which  had  not  been  possible 
for  most  of  the  other  similar  subjects  under  the  FR5  re¬ 
quirement  . 

In  conclusion,  the  results  of  the  present  study 
may  be  summarized  as  follows : 

h  Methy lphenidat e ,  on  free  operant  avoidance 
behavior  produces,  in  most  instances,  overall  rate  in¬ 
creases  over  baseline  control  rates.  This  is  consistent 
with  the  results  of  previous  experiments  in  which  the 
amphetamines  were  employed. 

2.  Under  variable  interval  4  min.  presentation  of 
unavoidable  shocks  occurring  in  a  context  of  FR  conditions. 
Dews’  drug-rate  proposal  appears  to  hold  in  that  although 
both  R*S  20  and  R*S  80  sec.  subjects  showed  moderate 
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absolute  drug-induced  rate  changes,  the  R#S  80  sec.  subject 
showed  relative  increases  in  behavioral  output  to  a  greater 
degree .  The  data  are  inconsistent  for  a  similar  conclusion 
for  the  VI  behavior  in  the  context  of  a  VR  condition. 

3°  Results  of  the  present  study  do  not  warrant  an 
explicit  statement  as  to  the  role  of  shock  frequency  as  a 
significant  determinant  of  drug-rate  interaction  effects. 

4.  With  the  R*S  80  sec.  subject  HF4,  changing  a 
schedule  parameter  from  FR5  to  VR5  changed  the  behavioral 
topography  of  the  animal  and  enabled  it  to  complete  a 
series  of  drug  tests.  Thus,  a  minor  change  in  the  sched¬ 
uling  arrangement  may  result  in  major  drug-behavior  changes. 

5.  Free  operant  ratio  avoidance  behavior  can  be 
maintained,  over  time,  even  in  the  presence  of  unavoidable 
shocks  if  such  shocks  occur  in  a  careful  program  of  var¬ 
iable  interval  presentation. 

6.  The  net  behavioral  effects  of  the  drug  should 
be  assessed  against  stable  avoidance  baselines.  This  may 
be  achieved  by  administering  the  drug  at  some  point  in  the 
experiment  at  which  the  beginning-of-session  "warm-up" 
effect  is  no  longer  observed. 

The  following  suggestions  may  serve  as  guidelines 
for  future  experimentation. 

1.  Further  experimentation  involving  the  manipul¬ 
ation  of  the  R#S  interval  could  be  done.  It  appears  that 
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if  the  response  rate  engendered  by  the  schedule  parameters 
is  too  low,  that  rate  is  not  amenable  to  enhancement  by 
methylphenidat e .  At  what  R#S  interval  then  can  you  gen¬ 
erate  low  rates  (relative  to  R*S  20)  without  losing  base¬ 
line  avoidance  control?  Manipulation  of  the  R*S  interval 
over  a  range  of  40,  50,  60,  70,  80,  90  and  100  seconds 
(holding  the  S*S  interval  constant  at  5  secs.)  might  be 
done  with  fixed  ratio  avoidance. 

2.  Shock  frequency  should  be  held  common  for 
periods  within  the  session  against  which  drug  effects 
are  assessed.  This  can  be  done  with  careful  construction 
of  a  variable  interval  tape  to  present  the  'free*  shock. 

3 o  A  further  study  might  deal  with  the  removal  of 
shock,  alternately  with  the  VI  and  FR  drug  periods.  That 
is,  on  random  sessions,  under  drug  conditions,  rather  than 
presenting  aperiodic  VI  ’free’  shock,  withhold  all  shocks. 

4.  In  drug  studies  utilizing  free  operant  avoidance 
and  steady  state  methodology  the  net  behavioral  effects  of 
the  drug  should  be  interpreted,  as  in  the  study  presented 
herein,  in  terms  of  both  the  absolute  and  the  relative 
drug  induced  changes  in  behavioral  output  in  the  individual 
sub j  ect s . 
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APPENDICES 


TABLE  1 


12  4 


Sub j ect 

RPM 

Shocks 

HF8 

9.29 

8.43 

to 

10.30 

10.64 

6 , 00 
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17.57 
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7.91 

6.62 
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9.00 

12 . 4l 

6 . 00 

to 

23-50 

HF3 

9.87 

9.18 

to 

11.10 

17.85 

13.50 

to 

23-50 

Overall  response  rate  per  minute  and  average  shocks 
per  hour,  for  10  consecutive  sessions  on  R*S  80 
S*S  5  FR  5 ,  RATS  HP8,  HF4  and  HF3-  Minimum  and 

maximum  rates  for  responses  per  minute  and  shocks 
per  hour  are  also  shown. 


TABLE  2 


Subject 

RPM 
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29  •  47 

10 . 00 

HF6 

33.26 
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12.53 

to 

40 . 78 

21.00 

Overall  response  rate  per  minute  and  average  shocks 
per  hour  for  10  consecutive  sessions  on  R-S  20 
S*S  5  FR5 ,  RATS  HFll,  HF7  and  HF6 .  Minimum  and 
maximum  rates  for  responses  per  minute  and  shocks 
per  hour  are  also  shown. 
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Overall  response  rates  per  minute  and  average  shocks  per  40  minute  period  for  four 
determinations  of  methy lphenidate  at  8  mg/kg  dosage  level.  Minimum  and  maximum  rates 
for  responses  per  minute  and  shocks  per  40  minute  period  are  also  shown. 
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*  Incomplete  -  collapsed  during  third  interval  of  second  determination. 

Overall  response  rates  per  minute  and  average  shocks  per  40  minute  period  for  four 
determinations  of  methylphenidate  at  16  mg/kg  dosage  level.  Minimum  and  maximum  rates 
for  responses  per  minute  and  shocks  per  40  minute  period  are  also  shown. 
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Overall  response  rates  per  minute  and  average  shocks  per  40  minute  period  under  saline 
conditions .  Minimum  and  maximum  RPM  and  average  shocks  per  40  minute  period  are" also 

shown. 
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Both  animals  receive  identical  shock  frequency  and  temporal  patterning  of  shocks 
during  this  period . 

Overall  response  rate  per  minute  and  average  shocks  per  40  minute  period  under 
variable  ratio  5  and  variable  interval  2  minute  control  conditions.  Maximum  and 
minimum  response  rates  per  minute  and  average  shocks  per  40  minute  period  are  shown. 
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Both  animals  receive  identical  shock  frequency  and  temporal  patterning  of  shocks 
during  this  period. 

Overall  response  rate  per  minute  and  average  shock  rate  per  40  minute  period  under 
variable  ratio  5  and  variable  interval  2  min.  saline  conditions.  Maximum  ana  minimum 
response  rates  per  minute  and  average  shocks  per  -40  minute  period  are  shown. 


